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THE PLACE OF THE CLASS R SPECTRA IN THE 
HARVARD SEQUENCE. 


R. H. CURTISS. 


One of the first generalizations drawn from extensive observations 
of stellar spectra was the recognition of a sequence in which there was 
a place for nearly every star examined. In the interest of convenience 
certain definitely characterized types in this sequence were chosen as 
a framework for classification, first by Secchi, later by Vogel, and by 
Lockyer, and lastly, on the most complete basis, by investigators at the 
Harvard College Observatory. In such a classification the spectra 
sharing the characteristics of a given type are grouped together in a 
division. Between the several divisions there is no well defined line of 
separation and within each division any given spectrum may deviate 
in general from the typeof the group in the direction either of the next 
preceding division or of the next following division of the sequence. 
In the later more exact systems of classification the deviation of any 
given stellar spectrum from the type of a class is indicated in the sym- 
bolic designation employed. 

The Harvard Classification of Stellar Spectra, using the letters O, B, 
A, F, G, K, and M to designate the divisions, is adopted almost univers- 
ally in this country, and is widely used in Europe. On the one end are 
placed white or bluish-white stars whose spectra show well defined 
nebular relationships and on the other red stars whose spectra are 
marked by the absorption bands of compounds as well as by many of 
the metallic absorption lines found in the solar spectrum, which in the 
Harvard Classification is assigned to Class G. Practically all astrono- 
mers agree in the view that the sequence of letters in the Harvard 
Classification corresponds to stages of stellar development between the 
white hot, low density, star on the one hand and the relatively cool 
red star on the other, near a state of invisibility. But opinions 
differ as to whether, as the stars develop from low density to high 
density objects, the corresponding spectral changes follow the above 
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sequence from beginning to end or whether such changes proceed along 
this sequence in some other way. Since the evidence at hand at least 
indicates strongly that the divisions in the spectral sequence of the 
Harvard Classification serve as an index to successive physical states 
in the process of stellar evolution, the value of this system in stellar 
spectroscopy as well as for convenience of reference is readily 
appreciated. 

Corresponding to a wider range of observation and increased know- 
ledge the system has been slowly extended to include more and more 
objects, for some of which no previous provision had been made, so 
that now there remain outstanding only a few isolated cases or small 
groups of stellar spectra whose relation to the regular sequence is 
not clear. 

Occupying a prominent position among outstanding groups of in- 
tractable objects are those stars whose spectra have been placed in a 
division called Class N by the Harvard investigators. In a recent 
Harvard tabulation 267 of these objects are found. They are all red 
stars. Among them no bright members are found. All of them are 
probably very distant and an unusual majority of them are located in 
the Milky Way. The spectra of these stars are similar to those of 
Classs M at the end of the sequence given above. Thus, in the spectra 
of Class M and Class N the dark lines due to metallic absorption resem- 
ble each other closely. Both spectra contain bright lines and similar 
dark flutings due to cyanogen absorption. Both show many features 
in common with the solar spectrum. The chief difference between 
them lies in the special absorption due to compounds. Class M spectra 
contain wide absorption bands sharp toward the violet and degraded 
toward the red, probably due to titanium oxide; Class N spectra have 
similar bands, though reversed in appearance, being sharp toward the 
red, attributed to some carbon compound. 

Since these carbon and titanium oxide absorption bands are usually 
conspicuous features in these spectra some investigators, beginning 
with the earliest, have held the view that the spectra of Class M and 
Class N should fall into two distinct groups, the first of which, Class M, 
appears to be attached quite plainly to the spectral sequence. Other 
investigators have looked past the bolder features of the bands and 
have concluded from the remaining characteristics that these two types 
of spectra should be classed together as coérdinate groups. 

In the direction of the removal of this difference of opinion with refer- 
ence to the relation of Class N stars to the spectral sequence a distinct 
advance resulted from a study of their spectra carried on at Yerkes 
Observatory. Marshalling the facts relating to the resemblance between 
Class M and Class N spectra given above, together with other pieces of 
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evidence of a more technical nature, the Yerkes observers reached the 
conclusion that stars having spectra of these two classes should be 
grouped together as co-ordinate branches \eading back to the sun. In 
other language we might say that, whereas all stars in the process of 
evolution emit spectra which change along the sequence from Class O 
to and through Class G, near the boundary of Class G the path divides 
and any given star may follow one of two branches; either through 
Class K to Class M developing titanium oxide absorption, or, if carbon 
absorption appears, on the second branch to Class N. In addition, to 
conform to the well supported theory upheld by Russell and others, we 
need to modify the statements to provide for development backward 
from the ends along part or all of the sequence and its branches and 
then a return down the sequence and its branches to visual extinction. 

Probably many astronomers accepted the conclusion of the Yerkes 
investigators, though with some the idea continued to prevail that 
Class N should follow Class M in the spectral sequence. Serious ob- 
jection to the proposal of coérdinate branches leading back to the sun 
was based on the fact that no examples of an intermediate type 
between the solar spectrum and Class N had been found, though a 
complete sequence from the sun to Class M had long been established. 
There was evidence of a missing link in the proposed chain of stellar 
evolution, connecting stars with spectra like that of the sun and those 
with spectra of Class N. 

Not long before this time several unusual stars had been swept up 
in the course of the extensive spectral surveys which were under way 
at the Harvard College Observatory. The spectra of these objects 
though placed in Class N were found to contain rays of much shorter 
wave-length than ordinary spectra of this class. Later discoveries of 
stars with spectra of this kind increased the number to the point 
where the addition of a new class was warranted. Accordingly Class R 
was created to include them. But the use of this letter was not intended 
to indicate that this class should follow Class N in the spectral sequence. 
On the contrary it seemed more probable to the Harvard observers 
that Class R should fall between Class M and Class N. 

Though 67 stars having spectra of Class R are found in the 
latest tabulations there are no bright objects among them. A good 
idea of the faintness of these objects as well as that of Class N 
stars may be gained from the accompanying table. Here for 53 
Class R and 218 Class N stars for which magnitudes are available the 


distribution is given by numbers and percentages among the visual 
magnitudes. 
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Tue Bricutness oF CLass R anp Crass N Stars. 


Mag. Class R Class N 
No. Per Cent No. Per Cent 
6.1-7.0 1 2 23 11 
7.1-8.0 7 13 39 18 
8.1-9.0 14 27 76 35 
9.1- 31 58 80 37 





Because of the faintness of the Class R stars spectroscopists have 
met with the greatest difficulty in their attempts to study them. 
Nevertheless with the objective prism, which is especially economical 
of light, observers have succeeded in photographing some Class R 
spectra on a scale sufficiently great to show more than the bolder 
features. These spectra, though of low purity, showed in one case at 
least a resemblance to the spectrum of the sun. At the same time 
determinations of the color of Class R stars seemed to indicate that as 
a class they were not so red as stars of Class N. Indeed a Class R star 
was found that proved to be no redder than the average star of Class K. 
Also there seemed to be no sharp dividing line between Class R and 
N stars in respect to color. 

Here then was evidence sufficient to suggest that the stars of ClassR 
might supply the missing link between the sun and Class N stars. At 
this juncture the new 37!-inch reflector of the observatory of the 
University of Michigan became available for research. This instru- 
ment had been fitted with a slit spectrograph well suited to the analysis 
of faint spectra. Accordingly the study of the spectra of ten of the 
brightest of the Class R stars not too far south of the equator was 
undertaken at this observatory. The investigation was assigned to 
Mr. W. Carl Rufus who developed the study into a thesis accepted in 
partial fulfillment of the requirements for the degree of doctor of 
philosophy in the University of Michigan, and published in Volume II 
of the Publications of the Observatory of the University of Michigan. 

The results of this study of the spectra of Class R stars can be set 
forth best in a non-technical journal through the accompanying illustra- 
tion (Plate XIII). In this the spectrum of our sun is placed at the top and 
a standard Class N stellar spectrum at the bottom. Between these are 
ranged in a sequential order eight Class R and Class N stellar spectra 
showing successive steps in the transition from the solar spectrum to 
that of a standard Class N star or vice versa. The first of these Class R 
spectra is quite similar to that of the sun immediately above it in the 
illustration. 

The chief difference between these two spectra consists first in the 
relatively greater faintness of the Class R spectrum on the left or violet 
end, due both to increased general absorption and to special absorption 
of cyanogen beginning under the letter “g”, and secondly in the presence 
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of the characteristic “carbon absorption band” in the Class R spectrum 
about one-third of the distance from the right or green end to the left 
or violet end. A little lower down in the series absorption due to 
“carbon” appears beginning under the wave-length “A4405”. These 
three bold features become more prominent as we proceed down the 
sequence until in the standard Class N spectrum at the bottom we 
have a short band of light in this region divided by a heavy black 
carbon band. The evidence furnished by this series of photographs 
indicates in a convincing manner the direct relation of the Class N 
spectrum through Class R to the solar spectrum. 

In addition to the more obvious testimony of this series of photo- 
graphs evidence based on the less conspicuous but equally important 
spectral details, some of which are visible in the illustration, and upon 
stellar characteristics not peculiar to the spectrum has been collected 
by Doctor Rufus. On ten other counts he has found the Class R stars 
considered by him to occupy a place intermediate between the Class N 
stars and the sun so far as results were available. This is true of their 
color, of their tendency to group in the Milky Way, of their tendency 
toward light variability, of their average measured velocity with refer- 
ence to a system of brighter stars and of other important characteristics 
pertaining to the intensity, width and relative position (relative wave- 
length) of smaller spectral features. 

With a relation between the spectrum of the sun and that of ClassR 
and N stars so well indicated, and with a branching of the spectral 
sequence near the boundary of Class G so clearly suggested, it becomes 
opportune to consider the bearing of such a discovery upon prevailing 
ideas with reference to stellar evolution. Probably all stellar spectro- 
scopists agree that the chief differences between the solar spectrum 
and that of Classes K and R are due to lower effective temperature and 
stronger absorption, at least mass for mass, in the “atmospheres” of 
stars of the latter classes as compared with the sun. This is well 
indicated by changes in absorption lines which are sensitive to temper- 
ature variations in the source; also by the greater relative faintness of 
the more refrangible light in spectra of Classes K and R and by the 
presence of absorption bands due to compounds in these spectra. But 
the existence of titanium oxide absorption bands in Class K and not in 
Class R and of carbon absorption bands in Class R and not in Class K, 
with no stars known to contain both kinds of absorption, is not easy to 
explain, particularly in view of the fact that the remaining spectral 
features are alike in the two classes, that both classes of spectra contain 
titanium absorption lines and that both reveal the presence of carbon. 

Possibly the explanation of the difference between the absorption 
bands of Class K and Class R spectra will rest upon grounds both 
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physical and chemical. Thus on the character of the absorption bands 
electrical conditions as compared with thermal conditions may have 
amore prominent effect in one group than in another. Undoubtedly, 
however, the supposition that there is a difference in the relative 
amounts of certain elements in the atmospheres of these two groups of 
stars appeals more strongly to the judgment. When the compound of 
either of the elements, carbon and titanium, is present in sufficient 
relative amount to gain any degree of ascendancy over the other in 
the part of the atmosphere where these compounds form, it may 
suppress completely the banded absorption due to the other. A delicate 
balance of extremely infrequent occurrence between the titanium and 
carbon may be necessary to the production of the bands of both; or 
such a balance may produce suppression of the bands of both. Thus, 
since all of the Class R stars as well as the Class N stars are probably 
very distant, it follows under this supposition that titanium is in the 
ascendancy in the atmospheres of stars near the sun. 

It is possible also that the proportion of oxygen in the atmosphere 
of a star is a prominent factor in the determination of the character of 
the absorption bands. It is thought that the carbon absorption in Class R 
and N stars is due to carbon monoxide and that the banded absorption 
in Class K and M stars is due to titanium oxide. Thus, it may be, when 
conditions thermal and otherwise favor the production of oxides, that 
either carbon or titanium will combine with oxygen most actively and 
that this most active element will monopolize in a given star the supply 
of oxygen in the part of the atmosphere where compounds are forming. 
In this event the spectrum of the oxide of only the more active element 
would appear.. If the supply of oxygen exceeds the amount necessary 
to exhaust the available supply of the more active element, the oxide 
of the less active element may form and this may suppress the absorp- 
tion of the oxide of the more active element. The absorption of the 
oxide of the less active element would thus appear to the exclusion of 
the other. For giant Class R, N, K and M stars if the effective temper- 
ature be rising, dissociation taking place, the reader may easily modify 
the statements of this paragraph to cover the case. 

But the discovery of the true explanation of the presence of absorp- 
tion bands of two different metallic oxides in spectra otherwise alike is 
not so important as a recognition of the reasonableness of the supposi- 
tion that such an explanation can be found quite in harmony with 
established views relative to the processes of stellar evolution. If such 
an explanation be not possible, it would seem that theories of stellar 
evolution based on the stellar spectral sequence must be modified to 
meet the situation, for the evidence is strong indicating that the spectra 
of Classes K and R are alike except for the absorption bands and that 
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the spectral sequence divides near the end of Class G, that Classes R 
and N form one branch of the sequence while Classes K and M form 
the other, both branches leading separately to or from the ends of 
the series. 

In conclusion the stellar spectral sequence in terms of the letters 
denoting the divisions of the Harvard Classification may be indicated 
by the following arrangement of symbols in which the division near 
the boundary of Class G is shown and the new Class R is introduced: 


R-N- (Dark stars) 


(Nebula)-O0-B-A-F-G (Sun) 
K-M-(Dark stars) 


Ann Arbor, Mich. 
February, 1917. 





THE EARLY HISTORY OF THE THEORY OF 
ECCENTRICS AND EPICYCLES. 


NOEL SARGENT. 


Before undertaking our investigation we must know clearly just what 
we shall mean by the terms Eccentrics and Epicycles. 

An Eccentric circle was the orbit which the object under discussion 
(usually the sun and moon were the objects in eccentric theories) was 
supposed to describe about the earth. lt was conceived Eccentric with 
the earth, that is, the fixed earth is not quite at the center of the orbit- 
al circle, which is also called the deferent. The idea of Eccentrics was 
adopted to explain the unequal motions of the sun and moon. 

An £picycie in ancient astronomy was a little circle having its cen- 
ter on the circumference of a greater one; or a small orb or sphere, 
which being fixed on the deferent of a planet, is carried along with it, 
and yet, by its own peculiar motion, carries the planet fastened to it 
round its proper center. That is, the centers of the epicycles move 
around the circumference of the deferent. It was by means of epicy- 
cles that Ptolemy and his followers solved the various phenomena of 
the planets, but more especially their stations and retrogradations. The 
large circle, called the deferent, had the earth as its center. It will be 
noted that in both the eccentric and epicycle theories the earth is held 
to be fixed. 

It can be easily seen that this system was in a geometrical sense de- 
fensible. It harmonized fairly well with appearances. To the ignorant 
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it recommended itself because of its conformity to crude common 
sense; to the learned, by the wealth of ingenuity expended in bringing 
it to perfection. 

A study of the early history of eccentrics and epicycles naturally in- 
volves a study of the theories which led up to the fuller developments. 

So far as can be ascertained the Chinese and Chaldean astronomy 
held no mention of any theories regarding the revolution of the earth 
or planets. 

The Egyptians supposed Mercury and Venus to revolve around the 
sun and be carried with him in his annual motion around the earth. It 
will be recognized that this is a forerunner of the epicyclic idea. There 
is no direct evidence that any of the Greek astronomers knew of the 
Egyptian ideas, though it is certain that Copernicus was aware of the 
Egyptian system. 

Little of definiteness is known of Greek astronomy until the 
school of Pythagoras in the sixth century B.C. The exact views of 
Pythagoras himself do not seem to be known, as he committed nothing 
to writing. We find one writer (Moulton) saying that “Pythagoras be- 
lieved that the earth is round, but that it is immovable and at the 
center of the universe.” Other writers hold that, while this was what 
Pythagoras outwardly proclaimed, to the members of his own 
school he proclaimed his real views on the subject. Thus Routledge 
asserts: “Pythagoras taught his disciples something very like the as- 
tronomy which places the sun in the center of our system, and recog- 
nizes the fixed stars as suns which are the centers of other systems.” 

But it is in Philolaus that we find the first real forerunner of the 
heliocentric theory finally evolved in 1531 by Copernicus. Philolaus 
was a pupil of Pythagoras and was the first to co-ordinate and put in 
concrete form the ideas of his teacher. Though the ideas of Pythagoras 
himself are uncertain, the great body of the Ionian school is known to 
have considered the earth as the center of our system; Philolaus, on 
the contrary, asserted that the sun was the center of the system, though 
at the same time evolving a fantastic theory of Jupiter or Zeus as the 
real center of the universal system and of a counter-earth. There are, 
said Philolaus, two motions of the earth: (1) a diurnal movement on 
itself; and (2) an annual movement around the sun. 

His theory was not based on any extensive investigation or observa- 
tions; we should not expect to find it so. It was rather an astronomi- 
cal hypothesis, based in large measure on a further application of the 
fantastic numerical system or theory of the Pythagorean school. Philo- 
laus, for instance, held that the earth was not worthy of being the cen- 
ter of our universe, and that as the light came from the sun and “Fire 
is more worthy than earth”, that, ergo, the sun was the center. Purely 
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an imaginative theory, having little or no vogue during his period or 
following him, though Aristotle comments on it, we must accord to 
Philolaus the distinction of being the first to formulate the heliocentric 
theory. 

Heraclides, another of Pythagoras’ pupils, taught that the sun, while 
circulating round the earth, was the center of revolution to Venus and 
Mercury—exactly the Egyptian view. 

Of such speculations Socrates believed, according to Xenophon, that 
“the speculators on the universe and on the laws of the heavenly bod- 
ies were no better than madmen.” (Lewis, Historical Survey of the 
Astronomy of the Ancients, p. 113.) 

It was Plato, pupil of Socrates, who proposed the problem which oc- 
cupied Greek astronomers from that time :—the problem of representing 
the courses of the planets by circular and uniform motions. 

This was so since after the Pythagorean school Greek astronomy be- 
came less purely speculative and more scientific. Eudoxus (409-336 
B. C.) presented the first mathematical theory of celestial appearances. 
He tried to construct a theory of celestial motions out of uniform circu- 
lar motions which should agree with observations. He imagined the 
fixed stars to be on a vault of heaven; and the sun, moon and planets 
to be upon similar vaults or spheres, 26 revolving spheres in all, the 
motion of each planet being resolved into its components, and a separ- 
ate sphere being assigned for each component motion. Callippus (330) 
increased the number of spheres to thirty-three. The real existence of 
the spheres was not suggested, but the idea was only a mathematical 
conception to facilitate the construction of tables for predicting the 
places of the heavenly bodies. 

Aristotle (384-322 B. C.) held that the earth did not move. He ad- 
vanced the very conclusive argument against its revolution that there 
were no apparent displacements of the stars such as should result from 
such motion. He denied that the earth can revolve, either in the cen- 
ter of the world or about the center, because such a motion would 
necessarily be violent—that is, against the nature of the earth. “The 
order of the world is eternal, and therefore no violent or contra-natural 
motion can have a place in this order.” The earth was fixed in the 
center of the universe. The other heavenly bodies were thought to 
have uniform circular motions. 


THe ALEXANDRIAN SCHOOL. 


The last period of Greek astronomy is that of the Alexandrian school, 
founded at Alexandria by Alexander the Great. 

Aristillus and Timocharis, early members of this school, set up in- 
struments and fixed the positions of the zodiacal stars, near which all 
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the planets in their orbits pass, thus facilitating the determination of 
planetary motions. 

Aristarchus was the first great astronomer of this school (f1.275 B.C.) 
He developed a genuine heliocentric system which was described by 
Archimedes in his “Arenarius”, only to be set aside with disapproval. 
Aristarchus, to explain his system a little more fully, held that the earth 
rotates and revolves. He overcame the objection of Aristotle by sup- 
posing that the fixed stars are indefinitely remote. The earth’s orbit 
would be a mere point in comparison. The sun was stationary and it 
was round it that the earth revolved. 

Apollonius (latter part of third century B. C.) started a new era by 
proposing to consider the motions of the heavenly bodies as being 
purely geometrical. He used the epicycle and deferent to explain the 
retrograde motions of the planets. He did not, however, make much 
progress in applying his ideas. 

Hipparchus (180-110 B. C.), perhaps the greatest astronomer of an- 
tiquity, employed a geometric scheme of eccentrics and epicycles to 
represent the motions of the heavenly bodies. Having measured the 
unequal motions of the sun and the moon, he allowed for this by sup- 
posing that the center, about which the sun moves uniformly, is situat- 
ed a little distance from the fixed earth. He called this center the 
excentric. The line from the earth to the excentric was called the 
line of apses. A circle having this center was called the equant. 

Ptolemy (100-170 A. D.) was the first great astronomer of note after 
Hipparchus and the last great astronomer of the Alexandrian period. 
From his time to that of Copernicus not a single important advance 
was made in the science of astronomy. Ptolemy’s ideas were set forth 
in his work, “the Almagest”. He put the theories of eccentrics and epi- 
cycles in their most advanced form. He adopted the excentric and 
equant of Hipparchus to explain the unequal motions of the sun and 
moon, and the epicycles and deferents of Apollonius to explain the 
retrograde motions of the planets. Ptolemy made improvements upon 
these ideas but kept their essential features. When new inequalities 
were brought to the attention of Ptolemy or his followers they were 
explained away by the addition of new epicycles—really geometrical 
makeshifts. 

After Ptolemy astronomy was cultivated only by the Arabs until 
about the 16th century when Copernicus brought forth his system. No 
new discoveries were made by the Arabs, who simply kept on finding 
more and more accurate values for the constants involved in the 
Ptolemaic system. 

' University of Chicago, Chicago, Ill. 
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THE SOUTHERN CROSS 
ISOLINA V. MILLAS. 


On a clear tropical evening, when the stars shining with unwonted 
brilliancy seem to be appealingly near, it is with a sudden thrilling 
sense of joy that the possibility of being able to accomplish a longer 
journey among them is realized. Gazing first at the constellation 
nearest to the present celestial pole, we commence our heavenly travel 
at Polaris, that most interesting of celestial bodies, and wandering 
through the well known and beloved constellations we go further and 
further southward, until suddenly a small constellation near the south 
celestial pole hovers into view; we are now gazing at Crux (the Cross) 
beautifully marked by the striking figure of the “Southern Cross”, 
formed by the four brightest stars of the constellation. 

Alpha is the only star of first magnitude; the others are of second 
and of third magnitude. The constellation is small, including an area 
of about seven degrees by four, but it is a brilliant one, and the neigh- 
borhood is exceedingly lovely; in it are found stars such as alpha and 
e beta Centauri, the first being the nearest of 

Y the fixed stars, at a light-distance of 4.3 

years. Alpha Centauri is a telescopic bin- 

“i % ‘ ary; the two orbs revolve around acommon 

k - é center of gravity in 81 years. But slightly 

unequal in size, the brighter component is 

of special interest not only because it is the 

nearest neighbour of our Sun, but because 

Pm -it is also very similar to it in size and 
constitution. 

This is also the region where Canopus shines forth, the leading star 
of Argo Navis; it is of the same type as Procyon, though enormously 
larger in size; notwithstanding the fact that it is at a distance of more 
than three hundred light-years, in brilliancy it is second only to Sirius. 

In Argo shines the False Cross, larger it is true than the Southern 
Cross, but without its beauty and its cruciform aspect, due to a number 
of small stars within as well as near the outline. Between the two 
crosses, the attention of the observer is attracted by a lovely and inter- 
esting group consisting of six stars of fifth magnitude, ten of sixth, a 
cluster and a nebulous mass on which Eta Argo is to be found, the 
most remarkable of variable stars; it has passed from the fourth 
magnitude, as seen by Halley in 1677, to the first magnitude, and as 
such was recorded by Herschel in 1837. 
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In 1843, and from then on for several years, it shone almost as an 
equal of Sirius until, at last decreasing, it passed out of the field of stars 
seen by the unaided eye; but its changes did not cease then; in the 
latter part of the nineteenth century it was found to be a star of the 
sixth magnitude. 

In this region shines the famous cross of the southern hemisphere, 
the most perfect of the heavenly vault, notwithstanding the fact that 
the outline is somewhat marred by astar of the fourth magnitude near 
an arm of the cross. Alpha marks the foot, and is within twenty-seven 
degrees of the south pole. It has a proper motion of 0’’.06, and is at a 
distance of fifty-nine light-years. This star and Aldebaran are con- 
sidered as almost of standard first magnitude brightness; they are each 
2.6 times more luminous than the pole-star. Still, Alpha Centauri, the 
lovely neighbour of Alpha Crucis, is superior to the latter; in fact 
a Centauri, Sirius and Canopus are the brightest stars of the skies, as 
they fairly outshine the three most brilliant of the northern hemisphere, 
Vega, Arcturus and Capella. 

In the latter part of the seventeenth century, Alpha Crucis was found 
to be a double star; the astronomical work of some Jesuit missionaries, 
sent to Siam by Louis XIV, made it possible to include this star among 
the five double ones that were made known during that century. 
aCrucis is therefore of interest because it was one of the first few that 
pointed to the probable existence of systems unlike our own; a few 
who were willing to accept this, which meant a modification of things 
celestial as they were then known, commenced a real search for stellar 
doubles. Father Christian Mayer paved the way for the wonderful work 
of Sir William Herschel, who was able during the first years of the 
nineteenth century to give the necessary evidence of the physical 
existence of double stars. The brightest gem of the Southern Cross, 
viewed with magnifying power, is found to be composed of two stars, 
very brilliant and nearly equal, of 1.6 and 2.0 magnitude, about 5” 
apart; their small proper motion is supposed to be identical, due to 
the fact that, since their positions were determined in the early part of 
the nineteenth century, they have not perceptibly changed. Alpha 
Crucis as a binary is interesting because it is one of those couples 
which seem to possess, throughout the ages, a fixity all but absolute. 
This inactivity, so amazing, can only be explained by accepting for the 
stars that display it an exceedingly small mass, or a remoteness far 
beyond human comprehension. This first magnitude star of Crux has 
another small star undoubtedly belonging to it, of the seventh magni- 
tude, 90” to the south-west. In 1891, Mr. Ranyard’s attention was 


drawn to the position held by Alpha Crucis in the midst of a symmet- 
rical little group of very faint stars which seem to form a corona 
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for the brightest jewel of the cruciform constellation; investigations 
concerning these faint neighbours of « Crucis have led to the conclusion 
that undoubtedly there exists a physical relation between them. 

Gamma Crucis is the head of the only real cruciform figure in the 
starry vault. It is a splendid red star of almost the same brightness 
as Betelgeux. Father Noél included y Crucis in the number of red 
stars. Near this interesting constellation of the southern regions a star 
of the eighth magnitude was said by Sir John Herschel to be the most 
intense blood-red star of all he had ever seen; furthermore, comparing 
it with the beautiful whiteness of 8 Crucis he said that it was “like a 
drop of blood.” Gamma Crucis is of 2.0 magnitude; it is also a double, 
its companion being a star of the fifth magnitude. 

Beta Crucis shines forth as an arm of the cross; it is a notable 
oxygen star; in fact, it is known as McClean’s “oxygen star”; it is a 
lovely white one, of which there are so many in the southern hemis- 
phere. It belongs to the first of the two groups into which the first of 
Father Secchi’s four types of stars was divided; this means therefore 
that it is a pure white star, that it is like those found chiefly in the 
Orion constellation, but not there only; the truth is that stars of this 
kind are found all over the sky, though in the southern hemisphere 
they are more numerous than in the northern, as was found by 
researches due to McClean. Another interesting fact about 8 Crucis is 
its remoteness from the earth; this was made evident when Dr. Elkin 
and Sir David Gill undertook the determination of thirty-two parallaxes, 
ten of northern hemisphere, twenty-two of the southern. In their work 
they found that five of the stars that shine most brilliantly in the 
heavens were inaccessible to parallactic research, and these were 
Canopus, Rigel, Spica, « Cygni and f Crucis. As each effort to determine 
the parallactic shifting of 8 Crucis has failed, its sublime magnificence 
and grandeur seem to dawn on the human mind. The necessity of 
taking into consideration the photometric rank, while trying to deter- 
mine the distances of stars,has been demonstrated by the work carried 
on by Professor Kapteyn, who found it very convenient to distinguish 
between the stars of different spectral classes in order to obtain the 
best results. Although the spectrum presented by Canopus (4 Carinae) 
shows the hydrogen lines of diminished width and the calcium K more 
pronounced, yet it cannot be considered of the solar type; it is of the 
Sirian, with a marked decline towards the solar. 

Rigel is to be included in the list of helium stars, although of the 
later stages. Rigel has no proper motion that is observable, nor motion 
from or toward us. Spica is one of the most beautiful “landmarks” of 
the southern sky; it is a\ beautiful white star of the “Orion type”, and 
so distant from us, that, to be able to account for the intensity of its 
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light, it is supposed to be at least one thousand times more luminous 
than our Sun. Deneb (a Cygni) has also been estimated to be at least 
a thousand times more luminous than our Sun; its distance from us 
is more than 400 light-years; its proper motion very small and its 
parallax imperceptible; it should be considered as an advanced star of 
the Sirian type. So these stars, among which Beta Crucis claims a 
place, so infinitely remote from us that they are inaccessible to paral- 
lactic research, are either helium or Sirian stars. Mr. Monck, speaking 
of this kind of stars, says that on an average they are twice as remote 
as solar stars of the same magnitude. 

Near Kappa Crucis gathers the famous tinted cluster; the beauty of 
the different colours makes it appear, as Sir John Herschel said, a 
“gorgeous piece of fancy jewelry.” The beauty of this variety of colours 
cannot be enjoyed with moderate telescopic apertures; it is only with 
the aid of larger instruments that this cluster thrills the observer as he 
catches the gleam of gems red, blue, green and yellow. Of course, the 
cluster does not appear the same to each observer, as is always the 
case when the color of stars is concerned; the red ones are easily 
distinguished, but not every observer that expectantly turns his gaze 
towards the splendid cluster of the Southern Cross is rewarded with 
the sight of the fainter tints; the gems that are supposed to stand out 
distinctly blue, green, yellow, in many cases shade off imperceptibly, 
only to seem drowned in white light. The respective places of a 
considerable number of these stars were determined first by Herschel 
and later by Mr. H. C. Russell. Some observers have insisted on seeing 
in many of these stars, heavenly bodies of extraordinary mobility. Of 
all the many, many clusters that beautify the heavenly regions, this 
cluster of the Southern Cross seems to claim a distinction; its beauty 
lies neither in shape nor in number, it is the beauty of the rainbow 
that it displays as its own. , 

A very interesting feature of the Southern Cross is the black openin 
of the Milky Way in this constellation, eight degrees long by five wide. 
It has very properly been called a “yawning abyss,” and known by 
navigators of long ago it has even had its place in the popular stories 
that pass on from generation to generation, bringing into existence 
what is known as its folk-lore. MacPherson tells of how the “Coal- 
sack” was considered in the folk-lore of Australia as the embodiment 
of evil; an Emu was fancied to lie waiting at the foot of a tree repre- 
sented by the stars of the Cross, for an opossum which he persecutes, 
and which seeks refuge among the branches of that same tree. 

The Milky Way, as it enters the Southern Cross, is no more than a 
stream three or four degrees wide; but it does not continue for long as we 
find it here; leaving the Cross it expands until it reaches nearly 
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twenty-two degrees in the bifurcated section that stretches from 
Ophiuchus to Aquila. 

The Coal-sack and of course other galactic vacuities, found elsewhere 
but never so striking as this black opening of the Southern Cross, have 
stood out as it were to defy many theories that have tried to explain 
the complicated phenomena of what seemed, to the American Indian 
fancy, an appalling, mysterious “path of souls.” 

Havana, Cuba. 





A CURIOUS SPECTROSCOPIC DOUBLE STAR.* 


In L’Astronomie for September, 1916, there appears this very inter- 
esting and instructive article by Camille Flammarion, the famous 
French astronomer. 

“Our readers should be informed with respect to some most original 
and remarkable observations. A very curious spectroscopic double 
star presents itself to us in this connection. It is the star v, Eridani. 

“This class of stars constitutes one of the most remarkable conquests 
of spectrum analysis. 

“The spectroscopic double stars, even when observed through most 
powerful instru nents, cannot be separated. By direct observation there 
is nothing revealed regarding their true arrangement. But as each of 
the components of the star, in consequence of its orbital movement, 
sometimes approaches us and sometimes recedes from us, the spectrum 
lines are, in virtue of the Doppler-Fizeau principle, animated by a 
periodic balancing around their normal position. 

“If both stars are luminous, the lines seem to be divided periodically 
into two lines which separate, then reunite, then extend themselves in 
the contrary direction, and so on. This is the case of the star Zeta in 
the Greater Bear, which was the first of these discovered. 

“If one of the components is dark, the lines of the bright star, alone 
visible, are animated by an oscillation which makes evident the orbital 
movement. We observe this in the spectra of variable stars of the 
8 Cephei and Algol types. In this latter case, the variations of light 
are produced by the passage of a dark satellite (or one slightly lumin- 
ous) in front of the bright star. 

“The star v, Eridani, of third magnitude, has been recently the object 
of special consideration by the American astronomer, G. F. Paddock, the 
results of which are published in the Bulletin of the Lick Observatory. 
The two components move symmetrically from one side to the other 


* Translated by Charles Nevers Holmes. 
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of a position in a period of 5 days (5".01). The spectrum shows chiefly 
the lines of hydrogen, iron titanium, manganese, chromium and mag- 
nesium. It is from these last lines that the calculations of velocities 
have been obtained. The velocity of the pair in space is the same as 
that of the Sun’semovement. The components are a little less dense 
and a little larger than the Sun, and their total light is equivalent to 
30 times the solar illumination, corresponding to a sidereal magnitude 
four times superior to that of our own sky-furnace. Their distance, 
from the parallax of 0’’.03, would be about 109 light-years. 


The orbital axes are: The masses are 
Primary 4 550 000 km Primary 0.62 © 
Secondary 4 620 000 Secondary 0.61 © 
Total 9 170 000 Total 1.23 © 
“The inclination of the system is about 75°. 
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“The curve of velocity of these two components is very curious. The 
primary star descends from + 40 to — 44 kilometers in order to ascend 
to + 81, and to re-descend afterwards, whereas the secondary star rises 
from — 4 to + 84, to fall to — 44 and to re-ascend afterwards, all of it 
during a period of 5 days. The circles represent the 39 observations 
used for the calculation, and the points the 18 excluded observations. 

“These revolutions of spectroscopic double stars are remarkably 
rapid. The most rapid of allis the star » of the Scorpion, also of 
third magnitude: 1°45, that is, 1 day, 10 hours and 50 minutes. 
Only a third of a century ago people had no idea of these sidereal 
realities. These researches are the highest honor to the savants who 
devote themselves to this work. What invisible movements amid the 
immensity of space! Science is progressing—whenever barbarism does 
not stop it, or disgrace it.” 

Newton, Mass. 
41 Arlington St. 
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SOLAR ECLIPSE OF 1917 JUNE 19 AS VISIBLE 


IN THE UNITED STATES. 
WILLIAM F. RIGGE. 


A partial eclipse of the sun will be visible on next June 19 over 
nearly the whole western half of British America, the larger part of 
Russia and Siberia, and over the entire north polar region. The greatest 
magnitude will be only 0.47, that is, 47 per cent of the sun’s diameter 
will be covered by the moon. 
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CHART OF THE PARTIAL SOLAR ECLIPSE OF 1917 JUNE 19 
AS VISIBLE IN THE UNITED STATES. 


The extreme northwest corner of the United States will get a glimpse 
at the eclipse at the time of sunrise. The greatest magnitude will be 
only 7 per cent.: The accompanying eclipse map gives the details. The 
lines marked 5 and 10, parallel to the Southern Limit, indicate the 
per cent of the obscuration. 
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THE ENCLOSED OBSERVING ROOM. 


RUSSELL W. PORTER. 


Several successful attempts have given the astronomer a closed 
observing room, where he is independent of outside fluctuations of 
temperature. While in nearly every case the refracting telescope has 
been used, it is probable that with the increasing popularity of the 
reflector, efforts in the near future will be directed towards the adaptation 
of this latter form to the problem. It is, therefore, of interest at this 
time to gather together what has already been accomplished in this 
direction, and to point out the latent possibilities of the reflector. 

In the accompanying diagrams, each arrangement of optical parts 
with its own peculiar form of mounting has been shorn of all access- 
ories, in order to show only the principles involved. The optical parts 
are shown as in the meridian, which is the plane of the paper. There 
is no attempt at relative scale, and only such mountings as can give a 
motion around the polar axis have been considered. Their salient 
characteristics will first be compared. 

In each of the types shown the usual optical parts of the telescope 
are supplemented by an auxiliary means for changing the direction of 
the axis of the light beam. For this purpose, in all excepting the 
Hartness Turret telescope one or more reflecting planes are used. The 
Hartness Turret uses a relatively small prism, and with the exception 
of this instrument, all the instruments have the eyepiece fixed so that 
the observer from any one position can cover the heavens only to the 
extent of the range of the instrument. The range of most of the 
instruments for this purpose exclude a small part of the circumpolar 
area and the sub-polar field. The Equatorial Coudé and the Hartness 
Turret are the only two instruments shown covering the whole heavens. 
The movement of the eyepiece in the Turret Equatorial ranges from 
horizontal east and west to looking downwards at the complement of 
the latitude. When used as a reflector, the direction and movement of 
the eyepiece remains the same. 
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The Sheepshanks telescope, No. III, brings the greater part of the 
heavens to the eye piece with one reflection. But its peculiarity 
is that the auxiliary mirror, situated at the intersection of the two 
axes, about midway between object glass and focus, travels (in declin- 
ation) at half the angular rate of the glass itself. 

The simplest form of all, and the one to be recommended to amateurs 
for its inexpensive mounting, is the Gerrish form, No. IV, used almost 
constantly in available weather at the Harvard Observatory. The 
reflection here is outside the object glass. It has been said that in 
adding a reflecting surface to an astronomical telescope, any imperfec- 
tion in it will have less effect on the definition of the image the nearer 
it is placed to the focus. If so, then it would be an argument against 
large flats outside the objective and in favor of smaller mirrors placed 
inside—the nearer the eyepiece the better. Certainly, the smaller the 
mirror is made the less will be the weight, counterpoising, and expense. 

There is one other form, not shown, where the refractor can be used, 
in which no reflection at all is required, and the entire heavens avail- 
able, suggested by Professor Todd. The description has not yet been 
published, but the writer is familiar with the mounting, which is an 
extremely bold and ingenious one, where apparently all optical and 
mechanical details have been successfully worked out. 


THe REFLECTOR. 


In the consideration of the reflector, we have to deal with an entirely 
different optical machine. The two forms—Newtonian and Cassegrain- 
ian—have normally one reflection each after leaving the parabolic 
mirror (which, let us say, takes the place of the object glass), in order 
to remove the observer's head from the optical axis. 

To bring the eyepiece into the observing room, seems to necessitate 
here, also, an additional reflection, whichever form is used, but the 
relative disposition of weights has been changed. 

In the different forms here given (see Figure 2), but two have been 
tried, viz., No. I (by the writer), and No. II, which is the five foot 
Common at Harvard. While found entirely practical for a closed 
observing room, No.I has the disadvantage of high supports, the 
inconvenience of looking up for protracted visual work or following, and 
a rigid eyepiece which does not revolve with the instrument. These 
objections would be met in No. III, by using the Cassegrainian form, 
and bringing all supports nearer the ground. 

In the Common mounting, No. II, the Cassegrainian form is adapted 
to the principle found in the Sheepshanks refractor, where the additional 
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reflecting surface travels in declination at half the angular rate of the 
primary. The eyepiece is however separate from the instrument 
mounting, and must have an independent motion imparted to it in 
right ascension for long exposures. The writer is now at work on 
another form of mounting, using the same principle, and shown in 
No. IV, where, it is hoped, troubles arising from flexure will be reduced. 
One of the mechanical problems in this form is to eliminate all tend- 
ency to slip, or back lash, in the small flat. 

In No. V is indicated an arrangement which, so far as known to the 
writer, has never been tried, although suggested years ago by Brashear 
and Brooks. It is shown here adapted to the warmed observing room. 
It possesses the great advantage of mechanical stability and self 
counterpoising. It requires, however, a large flat, outside the parabolic 
mirror. 

In No. VI is shown the Cassegrainian applied to the Hartness Turret 
mounting. 

A warm, comfortable room, a relatively fixed eyepiece, an observer 
seated in a relaxed, normal posture—these are the conditions sought 
for in the various attempts here described. It is generally recognized 
among astronomers that the quality of visual work is in direct propor- 
tion to the comfort of the observer. If this problem can be solved 
with the reflector, in bringing the eyepiece into the home by a simple 
inexpensive mounting, it will open the door to a number of amateurs 
who are now held back by the high cost of the refractor and its elabor- 
ate revolving dome, and the back-breaking attitudes to which he must 
now subject his body, in all kinds of temperature. It will be a great 
step towards popularizing the oldest and noblest of sciences, a science 
where the present day tendency of educational institutions is towards 
its becoming gradually shelved, in favor of other more pressing courses 
of study. 

Land's End Observatory. 
Port Clyde, Maine. 
February 19, 1917. 
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DETERMINATION OF THE PROPER MOTION IN THE 
SYSTEM = 142 (BURNHAW’S GENERAL CATALOGUE 870). 


MICHAEL J. KAPLAN. 


This double star is made up of two rather faint and widely separated 
components. It was first described by Struve in the Mensurae Micro- 
metricae as follows :— 


1832.07 311.°6 26.13 (8.2—8.8) = 5n. 


~ 


Since the discovery of this double star by Struve we have the 
following sixteen measures, which are made the basis of the entire 
investigation. 


Date 0 p 

1832.07 311.6 26.13 > 5n 
1836.90 313.1 25.29 > 3n 
1841.70 314.0 24.33 O= in 
1845.74 315.7 23.54 OZ in 
1851.88 317.4 22.51 = in 
1864.01 321.9 20.18 A 7n 
1868.85 324.9 19.47 OF 2n 
1875.88 327.6 18.25 O in 
1883.90 331.5 17.19 Perrotin 2n 
1896.08 339.7 15.56 A 3n 
1902.82 345.3 14.85 Do 3n 
1907.62 349.2 14.09 B 3n 
1908.77 349.9 14.07 Lau 2n 
1009.31 350.8 14.02 Do 3n 
1912.01 353.3 13.84 Doo 3n 
1913.87 351.9 13.96 Franks ?n 


These measures show that there is decided motion, the position angle 
increasing nearly a degree a year and the distance steadily diminishing. 
If these measures are plotted, it is at once evident, as is seen from the 
drawing, that we have here a case of rectilinear motion. 

The least square solution for the elements of this motion was made 
in the usual manner. The results obtained are as follows :— 

Geometrical elements :-— 
Direction of motion of B = 101°.58 +°.11 


Least distance = 138.14 +” .024 
Mechanical elements :— 
Yearly motion of B = 0.2264 + ”’0011 


Time of closest approach = 1932.09 + 0°.14 
In deriving the results the observations have all been given equal 
weights, though it might have been better to have given greater influ- 




















302 Determination of the Proper Motionin the System = 142 





ence to those of Struve, Dembowski, Burnham and Aitken. However, 


if this were done it is not probable that the results would have been 


appreciably changed. 
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Comparison of observed and The following is a brief 
computed positions Ephemeris 

Date A — 9 Po Pc Date 4 Pc 
1832.07 —0.1 —0.05 1918 357.9 13.52 
1836.90 +0.1 +0.05 1920 359.8 13.42 
1841.70 —0.3 +0.01 1922 1,7 13.34 
1845.74 +0.2 —0.02 1924 3.7 13.27 
1851.88 —0.1 +0.09 1926 5.6 13.21 
1864.01 —0.1 —0.08 1928 7.6 13.18 
1868.85 +0.8 +0.06 1930 9.5 13.15 
1875.88 +0.1 —0.04 
1883.90 —0.4 +0.11 
1896.08 —0.1 + 0.09 
1902.82 +0.5 +0.13 
1907.62 +04 —0.17 
1908.77 +0.2 —0.09 
1908.31 +0.6 —0.10 
1912.01 +0.8 —0.06 
1913.87 —2.2 +0.19 


The University of Pennsylvania. 


February 17, 1917. 
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SOME NOTES ON THE IDEAL OR 
NATURAL NUMBER SYSTEM. * 


L. E. LUNN. 


MEMBER OF THE AMERICAN MATHEMATICAL ASSOCIATION. 


Prefatory to these notes I wish to make all due apologies and recog- 
nitions, to those present, apologies for presenting a matter of rather 
trifling proportions, to those who may have gone over this same ground, 
a due recognition and acknowledgement of my obligation to them. 

By way of apology to those present I wish to state that I do not 
propose to point to any new discovery but rather to ask you to embark 
with me in an holiday exploration of a small almost forgotten island 
in the great sea of mathematical structure. I know that many others 
have sighted this little isle and doubtless others have set foot upon it 
and perhaps explored it to a certain extent. 

In recognition I wish to refer to Professor Fine, whose little book has 
given me much light on the matter. I wish also to acknowledge my 
indebtedness to the students, whose needs led me to this exploration, 
which I have since continued from pure pleasure. 

When we come to the consideration of any number system other 
than the one which we have had implanted in us from our first 
fragmentary knowledge of the universe up to the present moment, we 
are naturally dealing with a pure abstraction. In order that we may 
deal with it intelligently we must discuss it in terms which have no 
content other than that which we shall read into them. In doing this 
we must accomplish what Dr. Oliver Wendell Holmes characterizes as 
depolarization. Our ideas become so centered about a word or a 
symbol that we take the symbol for the idea. When this has occurred, 
polarization may be said to have taken place, and, as is the case with 
a cell, when polarization has taken place virtue has departed. We are 
no longer able to deal with the abstraction without the use of this 
particular symbol. It was for this particular purpose, as well as pushing 
back the horizon, that mathematics might be viewed as a structure 
rather than a chaotic puzzle, as a servant rather than a dread master, 


* Read before the Minnesota Branch of the American Mathematical Associa- 
tion, December 1, 1916. 
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as a dear and close friend rather than a death enemy, that this explor- 
ation was originally attempted. We must then carry on this discussion 
with the use of words and symbols which have no meaning other than 
that which we may read into them at this time. 

I believe, and in this belief I am supported by many mathematicians 
of note, that we as mathematicians, the world in general, and the 
school boy in particular, have cause to regret that primitive man was 
not endowed with six digital phalanges on either hand; not that he 
would have been physically better fitted, but that we might have had 
a more ideal, which is to say a more natural, number system. It may 
be urged that as the decimal system, or the system based on ten, is 
natural in that it utilizes a natural unit; but in as much as computa- 
tion has passed, and was destined to pass, the manual stage, it cannot 
be held as valid. A system to be natural must have characteristics 
native to the intelligence. The decimal system then is based only on 
the fact that it was designed for use with the hands as computing 
machines. On the other hand all peoples and ages have reverted to 
the number twelve as a basal unit; witness the twelve tribes; the 
twelve apostles, twelve months, twelve signs of the zodiac, twelve 
inches, the dozen and the many units of the English system which 
embody if not twelve then multiples or factors thereof. Even the words 
employed to represent 10 and 1, and 10 and 2, do not immediately 
signify this relation. I think then that it is quite evident that the 
number twelve as a basal unit is ideal in that it has characteristics 
native to intelligence, while the number ten as a basal unit has only 
the advantage of being adapted to manual computation. As further 
proof of this a unit command in the regular army is composed of 
twelve smaller units, as it is frequently necessary to divide such a 
command into two, three, or sometimes four, divisions of equal strength 
but the necessity almost never arises for a division into five parties. 

Were I asked to prepare a number and metric system for a Utopian 
community I should unhesitatingly use this number as a base. The 
ancient Hebrews founded their number system on sixty as a base, but 
whatever advantages it might have it would be sunk under its own 
bulk, and consequently cannot be considered ideal. 

Consider then for a few moments the ingenuity of this ideal system. 
In the first place there would be needed two new symbols, and two 
additional names for these symbols. For myself I should be so lacking 
in etymological resource as to simply take over the first twelve names 
just as they stand in the decimal system; the symbol for ten I should 
write (p), and for use in this manuscript the sign %; for eleven I should 
write(5) or in manuscript =. In the “teens” we should not begin with the 
third “teen” but consistently with Firsteen, and Seconteen, ending with 
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such odd sounding creatures as Tenteen, and Eleventeen. Perhaps we 
should be just Anglo-saxon enough to call the name of the base dozen 
and write the twelfth symbol 1D which in much use would surely 
deteriorate in 10, and the name to Doz, pronounced (does). We should 
have then 2D, which we should prefer to use the old form for and call 
Twain, both of which would deteriorate to forms 20 and Twenty, the 
names and symbols 3D, 4D, 5D, 6D, 7D, 8D, 9D, would in turn suffer 
similar deterioration but we should have the two new symbols repre- 
senting ten dozen and eleven dozen respectively, i.e. “D, and =D, and 
called Ten D, and Eleven D. We shall be obliged to remember that 
each of these symbols has eleven intermediate symbols, and that we 
must accustom ourselves to hearing such strange sounds as twentyten, 
twentyleven, seventyleven, eleventynine, etc. Below follows a complete 
list of the numerals of this system through 1DD. 


11 21 31 41 51 61 71 81 91 1 #1 
12 22 32 42 52 62 72 82 92 “2 #2 
13 23 33 43 53 63 73 83 93 “3 #3 
14 24 34 44 54 64 74 84 94 “4 $4 
15 25 35 45 55 65 75 85 95 “5 #5 
16 26 36 46 56 66 76 86 96 “6 £6 
17 27 37 47 57 67 77 87 97 7 #7 
18 28 38 48 58 68 78 88 98 “8 £8 
19 29 39 49 59 69 79 89 99 “9 £9 
1% 2% 3% 4% 5% 6% 7% 8 9° Co Ga 2% 
1% 2% 3% 42 5% 62 7% 8s 92 “$ F-3.3 
2D 3D 4D 5D 6D 7D 8D 9D “D #D iDD 


Were it desirable, a simple means of transformation from this ideal 
system to any other could be arranged, but an ideal system puts the 
thing entirely out of the question. Since for the time being we have 
entered the realm of the ideal we need not provide for our return. 

In this ideal system the necessity of two tedious systems of fractions 
entirely disappear. The only excuse for the existence of the common 
fraction is that the common fraction, and by this use of the word I 
mean those most used, is not an integral divisor of the base of the 
number system. 

We have used the decimal plan of place value for all integers and 
higher denominations of integers, and would have no hesitation in 
using the decimal notation for fractions in this ideal system. We 
should be faced with another etymological problem in the nomenclature 
of denominations of all sorts both integral and fractional. We shall 
not attempt to include this in the present notes and will be content 
with reading the point where it belongs, thus 17.7% would be read; 
seventeen point seventy ten. The value of the ordinary fractions need 
never be expressed in other than this form and are as follows; one- 
half is .6; one-third is .4; one-fourth is .3; one-fifth, while hardly to 
be classed as an ordinary fraction, can be approximated much more 
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closely than one-third in the decimal system as .24972497 or .25; one- 
sixth is .2; one seventh is .186% approximately ; one-eighth is .16; one- 
ninth is .14; one-tenth is .12497497 or .124; while one-eleventh is .111. 
In recapitulation then it will be seen that the fractions which are 
commonly used are expressible in this ideal system exactly, while such 
as are uncommonly used are very conveniently approximated. This last 
is especially striking when it is remembered that such an approxima- 
tion as .1249 for one-tenth may be considered as .12 plus a third, or as 
.124 plus three-fourths, and are closer approximations than any that 
we are forced to take in the decimal system. 

The last item of interest that I propose to take into account in these 
notes is the multiplication tables. We are in the habit of learning 
these tables in the decimal system through twelve times twelve, altho 
the only reason for it is possibly the fact that the intelligence still 
maintains that twelve is the natural unit and that the decimal system 
is artificially foreshortened. The scope of the multiplication tables 
will be the same then. Tables of tens and fives in the decimal system 
are easy; these in our ideal system would be more difficult, but no 
more difficult than sixes and eights in the decimal system, while the 
sixes and twelves are very easy. Theelevens would be of.about equal 
difficulty in both systems, as would also be the sevens, while we should 
have a clear gain in the tables of threes, fours, eights, and nines. Here, 
as before in the consideration of fractions, we have those which are 
used most very simple, the more difficult portions lying farthest from 
common usage. In proof of the facts set forth above, witness the 
products in this system through 100. 


2 3 4 5 6 7 8 9 “ Ed 1D 
4 6 8 “ iD 12 14 16 18 1% 2D 
6 9 iD 13 16 19 2D 23 26 29 3D 
8 iD 14 18 2D 24 28 3D 34 38 4D 
“ 13 18 21 26 2% 34 39 42 47 5D 
iD 16 2D 26 3D 336 4D 46 5D 56 6D 
12 19 24 24 36 41 48 53 5% 65 7D 
14 2D 28 34 4D 48 54 6D 68 74 8D 
16 23 3D = 339 46 53 6D 69 76 83 9D 
18 26 34 42 5D 5% 68 76 84 92 “D 
1% 29 38 47 56 65 74 83 92 “ol #D 
2D 3D 4D 5D 6D 7D 8D_~ 9D -D #D iDD 


This number system while unused, neglected, or forgotten, entirely 
unknown to countless millions of persons, sighted by perhaps a majority 
of students of mathematics, but touched on by comparatively few, is 
replete with interest and beauty to one who wishes to enjoy a recrea- 
tional excursion, including a glimpse of the sublimity of mathematical 
structure, without the severe rigors of arctic exploration, and undoubt- 
edly brings one into closer relationship with the eternal veritas. 
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TWENTIETH MEETING OF THE AMERICAN 
ASTRONOMICAL SOCIETY. 


[Continued from Vol 25, page 223.] 


STATISTICAL RESEARCHES ON SUNSPOTS AND FACULAE. 


By HENRYK ARCTOWSKI. 


(Abstract not submitted. See C. R. 164, 145, 227. 1917). 


NOTE ON THE FORM OF THE LIGHT CURVE OF 
VARIABLE STARS OF CLUSTER TYPE. 


By S. L. BaILey. 


A determination of the period of Variable No. 77 in the globular 
cluster Messier 5 gave 0°.807070. The form of the light curve was 
approximately that of the usual cluster type, but the period was excep- 
tionally long. The individual deviations of the observations from a 
smooth curve were large, and in order to test whether these were 
systematic or accidental, mean magnitudes according to phase were 
taken. When a smooth curve was drawn through these and the 
corresponding residuals taken, a secondary period became apparent 
whose length was precisely one sixth of the primary period. More 
careful remeasures were made to check these conclusions, but these 
failed to furnish a sure confirmation of the original results. A re-exam- 
ination of the primary period of the star led to the detection of an 
error. When this had been corrected, the same observations gave small 
or no indication of any fluctuations in the light curve. These results 
were confirmed by the remeasures. The deception was perhaps due to 
some harmonic relation between the star’s real period and the error in 
the period first found. 

No claim is made that minor fluctuations are never present in the 
light curves of cluster variables. This experience, however, illustrates 
the need of caution in accepting too readily the genuineness of such 
phenomena. 
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SOME RESULTS OF THE OCEAN SCIENTIFIC WORK OF THE 
DEPARTMENT OF TERRESTRIAL MAGNETISM, 1905-1916. 


By L. A. Bauer. 


The Carnegie Institution of Washington will issue shortly a volume 
containing the ocean magnetic results and related researches by the 
Department of Terrestrial Magnetism during the period, August 1905 
to September 1916. All oceans of the globe, from 80° north to 60° 
south, are represented. The aggregate length of the cruises is more 
than ten times the earth’s circumference. The scientific work included 
the following subjects: terrestrial magnetism, atmospheric refraction, 
geographic positions at sea, atmospheric electricity, meteorology and 
allied topics. 

A summary of the chief results to be embraced in the volume was 
given, and also some conclusions respecting methods for the effective 
conduct of world-embracing researches similar to those under discus- 
sion. The nature of the work was illustrated with lantern slides. 


PECULIAR RELATIVE MOTION BETWEEN STARS OF DIFFERENT 
TYPE NEAR THE SOUTH GALACTIC POLE. 


By BENJAMIN Boss. 


The solution for solar motion proceeding by zones of galactic latitude 
furnished a very discordant direction in the case of the treatment of 
the south galactic polar region. Analyzing the proper-motions within 
a radius of 20° from the South Galactic pole, decided dissimilarity 
appears between the motions of stars of different types. 

Schematic groups were formed representing the distribution of the 
motions less than 20” per century in the region treated. To form 
these groups it has been supposed that all the stars within the given 
area have been transferred to its center (the south galactic pole in this 
case), and released to radiate, in the several directions indicated by 
their position angles of motion, to positions corresponding in distance 
to the amounts of their computed proper-motions. Whereas the motions 
of the B, A, and F-type stars are almost entirely distributed on one 
side of the line marking the direction of the antapex of solar motion, 
those of the G, K, and M types are mainly distributed on the other 
side. It is interesting to note that in the case of the B, A, and F stars 
the motions decidedly prefer the general direction of Kapteyn’s Vertex I, 
while in the case of the G, K, and M stars there is a very decided 
preference for Vertex II. 
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If a ratio is formed between the cross motions of the separate types, 
those on the side toward Vertex I forming the numerator, those toward 
Vertex II the denominator, the results are just as startlingly portrayed. 


P. M. < 20” P.M. > 30” 
A 5.8 a 
F (3.8 weak) 1.4 
G 0.2 1.0 (0.6 with 4 out) 
K 0.5 1.1 (0.3 with 3 out) 
M (0.8 weak) —— 


The large proper-motions bear out the evidence of the small proper- 
motions. 

Turning to the evidence furnished by the radial velocities there is 
but comparatively meager material to deal with. For types B, A, and 
F only nine radial velocities have been measured in this region. Their 
mean is + 7.7km. For the G, K, and M types twenty-three radial 
velocities have been measured, giving a mean value of + 18.1 km. 
Omitting two abnormally large values of + 74.0 km and + 76.0 km 
the mean of the G, K, and M-type radial velocities becomes + 12.7 km. 
Thus, as far as can be judged by the small amount of material, the 
radial velocities bear out the idea of systematic drift. 

It is intended to extend this investigation to all parts of the sky. 


TENDENCIES TOWARD SYSTEMATIC DRIFT OF STARS IN BRIGHT BELT. 


By BENJAMIN Boss. 


In the Astronomical Journal No. 699 attention was called to 
the crossing of the paths of four star groups at about R.A. = 4" 45", 
Decl. = — 15°. It is probable from an inspection of the radial velocities 
assigned to some of these stars that a common velocity can not be 
assigned to all the groups, though each group in itself probably repre- 
sents common motion. 

As it has been shown that the stars with large proper-motion lie in 
great part outside the galaxy and that the preferential motion deter- 
mined from them is quite distinct from the vertex derived from 
treatment of stars of average proper-motion taken from within and 
without the galaxy, it is possible that the slow-moving galactic stars 
will furnish still another vertex of preferential motion. 

Thus the groups referred to may in some measure indicate such a 
systematic drift. To test this, regions in the vicinity of the galactic 
equator were inspected for any such tendency. It soon became mani- 
fest that in a number of regions distributed along the belt of bright 
B-type stars there actually was such a tendency. Consistently with 
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the theory of preferential motion, there was no manifestation of the 
phenomenon in those portions of the belt lying nearest to the assumed 
vertex and antivertex. 

In order to further test the supposition that the preferential motion 
under discussion is mainly confined to the bright belt, all regions 90° 
from the vertex were examined. Under ordinary conditions the pre- 
ferential motion should be a maximum in such a zone. Only 11 per 
cent of the zone showed a marked evidence of the phenomenon sought, 
and only 26 per cent showed some evidence. Rejecting the region 
common to the two belts, only 8 per cent showed strongly the effects 
of preferential motion and only 14 per cent some evidence. On the 
other hand considering that portion of the bright belt where preferen- 
tial motion might be expected to be evidenced, 54 per cent shows a 
decided effect and 77 per cent shows some effect. 

The phenomenon does not apply to all stars in the bright belt, and 
is sometimes inseparable from either solar motion or Kapteyn’s prefer- 
ential motion, but the effect is marked enough to deserve serious 
consideration. 


THE DISTRIBUTION OF THE BRIGHT STARS. 


By BENJAMIN Boss 


Most investigations dealing with the distribution of the stars have 
tended to force the stars into three perpendicular planes. This neglects 
possible irregularities in local distribution. 

To visualize the local effects the sky was divided into 20° zones of 
galactic latitude, and the density of distribution in the zone represented 
by a curve formed with galactic longitudes as abscissae, and the num- 
ber of stars in progressive subdivisions of the zone as ordinates. 

In the first instance all the stars of the revised Harvard Photometry 
to 6".0 were included. The maxima of distribution in the zones as 
indicated by the curves tend to fall on a great circle, whose pole is 
R. A. = 160°, Decl. = — 35°. 

Using the material of the Revised Harvard Photometry to 6".5 inclu- 
sive, the curves naturally become more definite, though essentially 
similar. The position of the new pole, however, is shifted by a con- 
siderable amount to R. A = 194°, Decl. = — 24°. 

The minima were next considered, They indicate a pole at 
R. A. = 164°, Decl. = + 73°. The large inclination (50°) of the plane 
of secondary distribution with respect to the galaxy was unexpected. 
It was still more unexpected to find the plane of avoidance nearly at 
right angles to the plane of secondary distribution. It naturally leads 
one to wonder whether the two planes inclined to the galaxy may not 
represent a system independent of the galaxy. 








woo we He 6S 


ts 


of 
ad 


ry 
as 


lu- 
lly 
yn- 


ine 
at 


ads 
not 








Report of the Twentieth Meeting 311 





There is a distinct accordance between the secondary distribution of 
the apices of the large proper-motion stars and the secondary plane of 
distribution of the stars to the 6".5. The Sun’s apex lies in the second- 
ary plane. 

Other peculiarities in general distribution and in distribution by type 
have been noted, but they will be reserved for later discussion. The 
whole subject is being extended employing the same methods of attack. 


HYPOTHETICAL PARALLAXES OF STARS OF LARGE PROPER MOTION. 


By BENJAMIN Boss AND ALBRECHT VON FLOTOW. 


The tremendous condensation of the paths of stellar motions in the 
region surrounding Kapteyn’s Vertex I naturally leads to the inference 
that these stars are moving in the general direction of the vertex. This 
assumption suggests a means of determining the approximate parallaxes 
of such stars. 

On the assumption of real motions parallel to the direction of the 
line of vertices, hypothetical parallaxes were computed according to 
the following formula: 


Cu sin (8 — ¢) —tVoq@ sin dsin (¢ — x) =0 
where 
nn The major semi-axis of the earth’s orbit in km 
The number of mean seconds of time in one tropical year ’ 
“#4 = The stars observed proper-motion, 
6 = The position-angle of the observed proper-motion, 
¢ = The position angle of stellar apex, 
V = The Sun’s velocity in space directed towards the solar apex, 
d = The angular distance of the solar apex, 
x = The position angle of the solar apex. 


The results are grouped according to the size of the observed paral- 
laxes, omitting the computed parallaxes over 0’’.5 as abnormal, in the 
following table. 


No. Computed Observed C—O 

20 +0.067 —0.054 +0.121 
33 -+0.082 +0.031 +0.051 
49 +0.104 +0.°74 +0.030 
40 +0.089 +0.119 —0.030 
36 +0.187 +0.253 —0.065 


The method is not intended for the determination of individual 
parallaxes. But the systematic progression of the differences between 
observed and computed means affords a method of determining mean 


parallaxes of large proper-motion stars when used in groups for statis- 
tical studies. 
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CLEARNESS OF THE NIGHT SKY DETERMINED FROM 
A TEN YEAR RECORD OF THE POLE STAR. 


By THEODORE H. Brown. 


This paper showed the results of a ten year record of the Pole Star 
obtained at the Ladd Observatory from January 1, 1906 to January 1, 
1916. The results were exhibited in two ways: (1) an average by 
months for each year and for the ten years; (2) a ten year average 
by hours for each month. Comparison curves of sunshine and one 
hundred per cent minus the cloudiness in each case were shown, which 
were platted from the data obtained at the local weather bureau. The 
first set of curves indicates that in any one year there is apt to be a 
month of day and night cloudiness or clearness near the first of the 
year and another one in September or October. That is the three 
curves platted, representing the day and night clearness all seem to 
rise toward a common high percentage for a certain month from the 
various lower percentages of the preceding and following months. For 
this month day and night seem to be consistently clear. The reverse 
condition may also be true. At other times of the year the curves 
cross and recross one another with no marked agreement. The ten 
year record shows more cloudy weather in December and January than 
at any other time. June is the least cloudy, with September and Octo- 
ber nearly as clear. The second set of curves shows that the clearest 
part of the night generally comes before midnight, with the clouds 
growing as morning approaches. The work indicated was begun by 
Professor Upton in 1906. Professor Slocum reduced the readings for 
the first two years for the monthly averages. 


NOTE ON THE PECULIAR VARIABLE STAR SS CYGNI (213843). 


By LEON CAMPBELL. 


This very erratic variable star has now been under observation for a 
little over twenty years and probably during no other year has it been 
so well observed as during the present one. By the codperative plan of 
observation now in vogue in this country, nearly a thousand observa- 
tions have been made on this star alone, and doubtless a large number 
have also been obtained through the efforts of the British Association 
Observers. 

All ten maxima have been well observed, numbering three of the 
long type, four of the short type and two of the anomalous, with the 
present one still uncertain, but probably of the short type. 




















Report of the Twentieth Meeting 313 





Following along the same lines of discussion as used in A.A. 64, 2, 
and using the point when the star reached the magnitude 10.0 on the 
rise to maximum, the curve of the O—C from the assumed period of 49.1 
days proves very interesting. This curve partly confirms the impres- 
sion given from the earlier discussion, that the anomalous maxima 
serve, in some unexplained manner, to account for the sudden changes 
in the period of the star. The period between the first two maxima of 
this year was 55 days, while during the year this has shortened up to 
about 30 days. 

Not only has the period undergone a remarkable change recently, but 
the magnitude at minimum has been noticeably different. Where the 
minimum light has usually held at 11.8 to 12.0, that of several recent 
minima has barely reached to 11.5 and in one instance it dropped to 
only 11.2. The light at maximum has undergone no appreciable change 
as far as we can judge from recent observations. 

The roll of platted observations of this variable which was shown re- 
presented the material obtained by the American Observers during the 
past six years and included approximately 5,000 observations. In com- 
piling the curve of O—C, reference has been made to the published 
curves of the B. A. A. in otherwise doubtful cases. It is to be regretted 
that the vast amount of material obtained by the British Association 
Observers has not yet appeared in print in sufficient detail to be well 
included in a general discussion of this star. 

As far as we know, there are only two other variables of this class 
and both of these stars are rather faint at minimum and do not rise to 
such brilliancy as SS Cygni does. Although observations are at pres- 
ent being made of all of these irregular variables it would seem that 
SS Cygni offers the best example of a typical star to be studied in or- 
der to learn the pecularities of this interesting class of variable. 


SPECTROGRAPHIC OBSERVATIONS OF ROTATION IN PLANETARY 
NEBULA JONCKHEERE 320, N.G.C. 7026, AND N.G. C. 7662. 


By W. W. CAMPBELL AND W. H. Moore. 


The nebula, Jonckheere 320 (¢ = 5" 0".0, 8 = +-10° 34’), is an ex- 
ample of high angular speed of rotation. 

N.G.C. 7026 (a2 = 21" 2.9, 8 = +47° 27’), whose general outline is 
a relatively flat ellipse, is rotating rapidly, and the evidence is fairly 
strong that an outer equatorial zone of absorbing matter exists. 

N.G.C. 7662 (2 = 23" 2".1, 8 = +41° 59’), shows rotational effects 
very definitely and the bright nebular lines are doubled in the parts 
corresponding to the great central region of the nebula. The most 
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satisfactory interpretation of the structure of the lines found to date is 
that the lines are widened by differential radial velocities in the central 
part of the nebula, and that an absorbing outer stratum of nebulosity, 
rotating with slower speed, is responsible for an absorption line lying 
nearly centrally along each bright line. 


THE SPECTRA OF U CEPHEI. 


By ANNIE J. CANNON. 


The spectrum of the brighter component of this eclipsing binary sys- 
tem was photographed with the 8-inch Bache telescope of Harvard 
College Observatory as early as December 12, 1885. It is Class AO, 
with slight peculiarities. Photographs of the spectrum of the fainter 
components were obtained with the 10-inch Metcalf telescope during 
the total eclipse on September 25 and September 30, 1916. This spec- 
trum is clearly defined and is Class KO. On September 25, September 
30, and November 14, 1916, photographs of these spectra were also 
taken during the increase of light. The Julian Days and decimals, ex- 
pressed in Greenwich Mean Time, of the middle of the exposures dur- 
ing increasing light, are 2421132.578, 2421137.560, and 2421182.456. 
The corresponding phases are 0°.078, 0°.074 and 0°.098, which represent 
an increase from minimum light of 0.2, 0.1, and 0.8 magnitude, respec- 
tively. These photographs show a composite type in which spectra of 
Class AO and KO are blended. 

It thus appears probable that some knowledge may be gained con- 
cerning the spectra of the fainter components of those eclipsing binar- 
ies in which the eclipse is only partial. 


THE LIGHT CURVE OF U CEPHEI. 
By R. S. DuGAn. 


The photometric observations of U Cephei, thus far made by the 
writer, suffice to show the main characteristics of the light curve of 
this eclipsing variable. As Wendell confined his observations almost 
completely to primary minimum, with the purpose of accumulating 
evidence bearing on the variation of the period, the writer has chiefly 
observed the rest of the curve. 

The ellipticity and inter-radiation effects between minima are strong- 
ly marked, and their introduction affects quite materially the solution 
for the elements of the system. A secondary minimum (suspected from 
Wendell’s observations) is well determined as a drop of 0.11 of a mag- 
nitude. This depth of secondary minimum, taken in connection with 
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the observed depth and shape of primary minimum, points quite decis- 
ively to a darkening toward the limb. The writer’s curve agrees with 
Wendell’s in the range of primary minimum; in the slope during totali- 
ty; and in the asymmetry of the primary minimum. This asymmetry 
is found to persist throughout the entire curve in the same sense as 
does the asymmetry of the curve of RV Ophiuchi. One of the two 
comparison stars was found to be a variable. The light curve appar- 
ently furnishes no explanation of the known variation of the period. 


REMARKS ON THE ZODIACAL LIGHT. 
By W. E. GLANVILLE. 


1. Emphasis was laid on the great importance of accurate reports 
of observations. 

2. A plea was made for systematic codperation of observers accord- 
ing to a pre-arranged plan of work, both at sea level and high altitudes, 
under the supervision of two standard observatories, one north and 
one south of the equator; and the suggestion was offered that it would 
be well if the Zodiacal Light sections of the various societies could 
arrange for such co-ordination of their energies. 

3. Reference was made to the excellent observational work being 
done by Mr. John Warren, near Capetown, S. Africa. 

4. To account for the annual variations in the elongation of the 
Zodiacal Light, at or near sea level, attention was called to the equator- 
ecliptic configuration and the following explanation was suggested: 
When in the early evening Aries or Libra is on or near the observer's 
meridian the elongation of the Light is greatest, sometimes arching the 
sky from horizon to horizon along the ecliptic. When Aries or Libra is on 
or near the meridian at midnight the Zodiacal Light reaches its minimum 
elongation and the Gegenschein its maximum size. At stations, say, 
from half a mile and higher above sea level it has been determined (at 
least for tropical latitudes) that the Zodiacal Light is visible as a lum- 
inous band from horizon to horizon the year round. 

5. The relative faintness of the Zodiacal Light as seen from temper- 
ate latitudes in summer may be due not only to the low elevation of 
the ecliptic at that season, but also to the fact that throughout summer 
nights there is considerable scattered light in the sky, especially as one 
travels nearer the pole. 

6. The difference of the intensity of the morning light as compared 
with the evening light may be attributed to atmospheric conditions, 
sunset coloring being noticeably richer and more diffuse than sunrise 
coloring. 
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7. Examination of reports indicates that there is no connection be- 
tween the Zodiacal Light and sunspot vicissitudes. 

8. The spectroscopic work of E. A. Fath which determined the char- 
acter of the light needs to be supplemented by spectroscopic work 
designed to investigate the question of motion in the material consti- 
tuting the Zodiacal band. 


INTERPOLATION TABLES TO BE PUBLISHED BY THE CARNEGIE 
INSTITUTION OF WASHINGTON. 


By Henry B. HEprick. 


These are essentially tables of proportional parts to hundredths and 
to thousandths, or multiplication tables of decimal fractions to two and 
to three places. They give the products to the nearest unit of all num- 
bers from 1 to 99 by each hundredth from 0.01 to 0.99, and of all num- 
bers from 1 to 1000 by each thousandth from 0.001 to 0.999. They are 
intended for use in multiplication where the product is required to no 
more significant figures than the smaller factor contains, as is usually 
the case in interpolation or in the multiplication of decimal fractions 
which are given to three significant figures only. 

They give what is contained in Crelle’s multiplication tables but in a 
more compact and convenient form when the product is not required 
to more places than the factors. 

The following are some of their features: 1. The products are given 
only as far as needed. 2. No “pointing off” and the consequent adjust- 
ment of the last figure retained is required. 3. They give only the 
first of the consecutive numbers from which the same product results. 
4. Instead of having to find the required product at the intersection of 
a line and a column as is customary in other tables, the eye here has 
to travel only in one direction at a time, first in a column and after- 
wards along a line. 

These tables are more convenient and more accurate than a slide 
rule of the same capacity. 


THE “DAYLIGHT SAVING MOVEMENT”. 


By HARoLp JACOBY. 


(See Report of Committee on page 225.) 
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PHOTOGRAPHIC GRADATION AS AFFECTED BY 
DELAYING DEVELOPMENT. 


By Epwarp S. KING. 


Photographic photometry is beset with so many difficulties that it 
seems unfortunate to find any more. However, in my reduction of the 
Systematic Photographic Tests, which were made during the period 
1911-1915, it appears that the gradation or slope of the plates increases 
when the development is delayed. The results indicate an average in- 
crease of about 15, 20 or 25 per cent in the slope according as the 
plates are exposed one, two or three months before development. 

This seemed so remarkable that I examined the earlier work of test- 
ing photographic plates, published inVolume 59 of the Harvard Annals, 
and found the same general tendency. Going further, I remembered 
that in the investigation relating to the Moon and published in the 
same volume various plates were exposed to the Standard Light twice 
at different times. The published measures of these plates also show 
an increase of slope for the older exposures. Perhaps the most striking 
example is an instance occuring in recent work where plates were de- 
veloped seven, eight and nine months after exposure. The effect was 
so patent that the assistant who exposed and developed the plates 
thought that possibly he had used the wrong apertures for the Standard 
Light, but an immediate examination showed all to be correct. The 
change in the slope amounted to about 80 per cent during the nine 
months. 

Of course, such changes may produce all sorts of anomalies when the 
exposures to be compared have been made at different times. It is 
frequently very convenient to standardize a number of plates by means 
of a Standard Light, and then expose them one by one at intervals to 
measure some other source of light. In certain measures of this sort, I 
have recently met with differences of half a magnitude or more in the 
results according to the brightness of the images used for determining 
the value. In such cases, the brighter image gives the fainter value 
for the light measured. 

Returning to the Systematic Tests, which consist of a series of dark- 
ened areas in the form of squares photographed on each plate by ex- 
posure to the Standard Light, it was found that the change in slope is 
produced by the dark squares becoming much darker, and the very 
light squares becoming somewhat lighter with the lapse of time. Since 
there must be some intermediate point at which no change takes place, 
the remedy suggests itself that we use such densities when the 
exposures have to be made at different times. These changes in slope, 
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as described, are analogous to the relations existing between plates of 
different speeds, or the effect of temperature at the time of exposure. 

Some years ago, Dr. C. F. Brush made some experiments which indi- 
cated that the photographic effect is continued even after the termina- 
tion of the exposure, the density increasing slightly for about an hour, 
and then gradually decreasing for an indefinite period. The change in 
slope which I have described appears to be a related phenomenon. 

Although the statements in relation to the change of slope, which I 
have made, hold in the majority of cases examined, I meet with some 
exceptions which need explanation. It seems desirable that further 
study be made to determine more exactly the rate of change, and the 
conditions which aid or counteract the effect due to delaying develop- 
ment. 

(To be Continued). 





PLANET NOTES FOR JUNE, 1917. 


The sun will move eastward during the month from the constellation of Taurus 
into Gemini. On June 25 it will be in the region of » Geminorum and at the close 
of the month it will be a few degrees south and about an hour preceding Pollux. 
On Friday, June 22, the sun will reach its greatest northern declination, +23° 27’. 
This date is called the summer solstice. On June 18-19, there will be a partial 
eclipse of the sun visible in Alaska and Siberia. 


The phases of the moon for June are as follows: 


Full Moon June 5 at 7 p.m. C.S.T. 
Last Quarter aoe 
New Moon , oe © > 
First Quarter 7 “Hien, * 


Mercury will not be visible during the month. 

Venus will be in the evening sky. On June 20, it will set about an hour after 
sunset. On this date it may be found near the variable star ¢Geminorum. The 
ratio of the illuminated portion of the apparent disk to the area of the entire appar- 
ent disk regarded as circular, June 20, is 0.966; its magnitude —3.4. On June 25 it 
will be found south of Pollux. 

Mars may be seen in the morning sky just before sunrise during the latter part 
of the month. It will be found in the constellation of Aries. 

Jupiter will not be visible during the month. 

Saturn will be too low in the western sky for favorable observations. It will 
be found in the constellation of Gemini. 

Uranus may be seen with the aid of a telescope in the morning sky in the 
constellation of Capricornus. 

Neptune may be seen in the evening sky with the aid of a telescope in the 
constellation of Cancer. 











v3 


no 


Planet Notes 





Pt 

e - =. a 

° i , 
Sy 3d ONS SM 


-——et_ ys 
bye 
< * VIRGO 
t WNae es 
*% Me - ste he 





4 ol 
A,, 7 
a "ter, yy gyn 
fe § 7 
Co Rp, 
. ® 
ei 
oe e 


CENTAURUS 
souTH WOW zon 


THE CONSTELLATIONS AT 9:00 P.M. JUNE 1. 





Occultations Visible at Washington. 
[From the American Ephemeris}. 


IMMERSION. EMERSION. 
Star’s Magni- W ashing- Angle Washing- Angle Dura- 
Name tude ton M.T. f'm N. ton M.T. fm N. tion 
h m ° h m nd h m 
42 Librae 5.0 15 18 327 15 30 305 0 12 
22 B Piscium 6.4 z= 154 12 53 255 0 45 
9 Piscium 6.4 14 21 81 15 23 300 1 3 
x Piscium 4.9 14 45 25 1i§ 0 358 0 15 
47 Arietis 5.8 14 34 101 15 24 324 0 50 
p® Leonis 6.1 8 6 76 9 18 252 1 12 
13 B Virginis 5.9 10 43 6 11 17 300 0 33 
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Variable Stars 


VARIABLE STARS. 


Minima of Variable Stars ot Short Period. 
[Calculated by Lois N. Wilson at Goodsell Observatory. | 





Given to the nearest hour in Greenwich mean time; to obtain Eastern Standard 
time subtract 5"; Central Standard 6": etc. 


Star 


SY Androm. 
RT Sculptor. 
UU Androm. 
U Cephei 

Z Persei 
TW Cassiop. 
RY Persei 
RZ Cassiop. 
TX Cassiop. 
ST Persei 
RX Cassiop. 
Algol 

RT Persei 
Tauri 

RW Tauri 
RV Persei 
RW Persei 
SZ Tauri 

RS Cephei 
TT Aurigae 
RY Aurigae 
RZ Aurigae 
SV Tauri 

Z Orionis 
SV Gemin. 
RW Gemin. 
U Columbae 
SX Gemin. 
RW Monoc. 
RX Gemin. 
RU Monoc. 
R Can. Maj. 
RY Gemin. 
Y Camelop. 
TX Gemin. 
RR Puppis 
V Puppis 

X Carinae 

S Cancri 

RX Hydrae 
S Velorum 
Y Leonis 
RR Velorum 
SS Carinae 
ST Urs. Maj. 


RW Urs. Maj. 


Z Draconis 
RZ Centauri 


RS Can. Ven. 


SS Centauri 
6 Librae 


R. A, 
1900 


h m 


0 08.0 
31.5 
38.5 
53.4 
2 33.7 
37.6 
39.0 
39.9 
44.4 
53.7 
58.8 
01.7 
16.7 


rw 


ov 


“IS 


wees) 


9 & 
10 17.8 
10 54.2 
11 22.4 

35.4 
11 39.8 
12 55.6 
13 06.3 
13 07.2 
14 55.6 


Decl. 
1900 


a 
+43 09 
—26 13 
+30 24 
+81 20 
+41 46 
+65 19 
+47 43 
+69 13 
+62 22 
+38 
+67 
+40 ¢ 
+46 
+12 
+27 51 
+33 5$ 
+42 
+18 
+80 
+39 
+38 
+31 
+28 
+13 
-+24 
+23 
—33 
+20 § 
+ 8 54 
+33 
—7 
—16 
+15 £ 
+76 
+17 
—4l 
—48 
—58 
+19 24 
== 7 62 
—44 46 
+26 41 
—41 36 
—61 23 
+45 44 
--§2 34 
+72 49 
—64 05 
+36 28 
—63 37 
— 8 07 


08 
58 
53 


Magni- 
tude 


9.5—13.0 
9.6—10.5 
10.7—11.9 
7.0— 9.0 
9.4—12 

8.2— 9.0 
8.0—10.3 
6.9— 8.1 
9.4—10.1 
8.5—10.5 
8.6— 9.1 
2:3. 3.5 
9.5..11.5 
3.3— 4.2 
7.1—< 11 
9.5—11.0 
8.8—11.0 
to— Ja 
9.5—12.0 
T8-- BY 
10.7—11.7 
10.6—13.3 
9.4—11.0 
9.7—10.7 
9.8—<11 
$.5...11.6 
9.2—10.0 
10.8—11.5 
9.0—10.8 
8.8— 9.6 
9.8—10.5 
5.8— 6.4 
8.9—-< 10 
9.5.12 

10.0—11.9 
9.4—10.7 
4.1— 4.8 
Tone OF 
8.2—10 

9.1—10.5 
7.8. 99 
9.3—11.2 
10.0—10.9 
12.2—12.8 
6.7— 7.2 
10.3—11.4 
9.9—13.6 
8.5— 8.9 
7.5—12.5 
8.8—10.4 
4.8— 6.2 


Approx. 


Period 


d 


34 


WMMMR awry 


0 


—_ 


= 


_ 
wmwurehd & 


— 


WN RR KNOW RRB TIM CORK AONWCOKFONK KEK NN BRODY DO 


= 


h 


21.8 
12.3 
11.7 
11.8 
01.4 
10.3 
20.7 
04.7 


2 22.2 


15.6 
07.6 
20.8 
20.4 


3 22.9 


18.5 
23.4 


5 04.8 


03.6 
10.1 
16.0 
17.5 
00.3 
04.0 
04.9 
00.2 
20.8 
19.2 
08.8 
21.7 
05.0 
21.5 
03.3 
07.2 
07.3 
19.2 
10.3 
10.9 
13.0 
11.6 

6.8 
22.4 
16.5 
20.5 


3 07.2 


19.2 
07.9 
08.6 
21.0 
19.2 
11.5 
07.9 


RNIN K ONS NIWNW DOD 


NNER ORK WON EOE NWA EUWNNRMODONUWYANNN YA Oe 


Greenwich mean times of 
minima in 1917 
June 


10 


h 


0 
15; 
10; 

6; 

2; 
12; 


13; 2 


5: 


12; 


8; 
3; 


2; 2 


ii: 
19; 


20; 2 


2: 





20: 2! 


18; 2 


a 


22 
22 


; 20 
; iy 


21 


29 


0; 29 
21; 30 
11; 24 
2; 28 
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Minima of Variable Stars of Short Period—Continued. 


Star 


U Coronae 
TW Draconis 
SS Librae 
SW Ophiuchi 
SX Ophiuchi 
R Arae 

TT Herculis 
TU Herculis 
U Ophiuchi 
u Herculis 
TX Herculis 
RV Ophiuchi 
SZ Herculis 
TX Scorpii 
UX Herculis 
Z Herculis 
WX Sagittae 
WY Sagittae 
SX Draconis 
RS Sagittarii 
V Serpentis 
RZ Scuti 

RZ Draconis 
RX Herculis 
SX Sagittarii 
RR Draconis 
RS Scuti 

B Lyrae 

U Scuti 

RX Draconis 
RV Lyrae 
RS Vulpec. 
U Sagittae 

Z Vulpec. 
TT Lyrae 

UZ Draconis 
SY Cygni 
WW Cygni 
SW Cygni 
VW Cygni 
RW Capric. 
UW Cygni 

V Vulpec. 

W Delphini 
RR Delphini 
Y Cygni 

WZ Cygni 
RR Vulpec. 
VV Cygni 
AE Cygni 
RY Aquarii 
RT Lacertae 
UZ Cygni 
RW Lacertae 
TT Androm. 
Y Piscium 
TW Androm. 


R. A. 
1900 


26.0 
39.7 
40.8 
43.7 
46.4 
48.9 
01.1 
12.5 
13.4 
14.4 
17.5 
24.3 
26.1 
42.7 
00.6 
03.8 
11.4 
12.2 
19.6 
32.3 
33.1 
38.9 
48.1 
49.3 
50.5 
02.3 
09.0 
14.8 
57.4 
55.2 
40.6 
08.7 


29.3 
23 58.2 


Decl, 
1900 


+32 
+64 


—15 
— 6 


— 6 
—56 
+17 


+30 § 


+i 
+33 
+42 
+7 
+33 
—34 


+16 § 


+15 
—17 
—23 
+ 58 
—34 
—15 
— 9 


+58 5 
+12 
—e 3 


+62 
—10 
+33 
—12 


+58 3% 


+32 
+22 
+19 
+25 
+ 41 
+68 
+32 
+41 
+46 
+34 
— 
+42 
+26 
+17 
+13 
+34 
+38 
+27 
+45 
+30 
ae 
+43 
+43 
+49 
+45 
+7 


01 
14 


44 
28 

18 
01 

12 
59 
55 

15 
56 
35 
17 
27 
32 
23 
20 
14 
24 
52 
08 
36 
22 


+32 17 





Magni- 
tude 


9. —12 

9.5—10.3 
7.5— 8.2 
8.8—10.5 
7.1— 7.9 
9.2—10.8 
9.5—10.6 
9.3—10.5 
5.9— 6.3 
9.5—11.1 
7.4— 8.3 
9.5—10.2 
7.0— 7.6 
8.7— 9.8 
9.3--13 

9.3—10.3 
3.4— 4.1 
9.1— 9.6 
9.3—10.2 
11. —12.8 
6.9— 8.0 
6.5— 9.0 
7.3— 8.5 
9.3—11.6 
9.0— 9.8 
10 —12 

9.3—13.4 
9. —11.7 
9.8—11.8 
8.8—10.6 
10.5—10.8 
8.2—9.8 
9.4—12.1 
10.5—11.8 
7.1— 7.9 
9.9—10.8 
9.6—11.0 
12.1—13.8 
10.8—11.4 
8.8—10.4 
9.1—10.5 


8.9—11.6 ° 


10.2—11.2 
11.3—12.6 
9.0—12.0 


8.6—11.5 


i) 
CNOCKNMNCNW 


en ene 


= 
=> 


w 
— > > ~) 


wo 
RWNUHuREo-u 


Approx. 
Period 


a 


wm no 


0 


_ 
Cunwn oes Meco 


0 
2 
2 
0 


12 


0 


Dew wp we 


CO hm CO 


2.5 25 


OOS > 
a 


et ee OR ee 


POS = 


OW = “Is 1 0 09 DIN WO OD conus] 


a> 


KS se CO WWwWNWh KWo wuUaww~N 


eae 


woo MWRWROLO 





Greenwich mean times of 


minima in 1917 


June 
h d h dh d 
18; 14 16; 21 14; 28 
20; 6; 18 17; 27 
ay; 9; 20 0; 27 
0; 8; 19 16; 27 
Pi 3; 19 9; 27 
22; 11; 26 7 
22; 22 0 
[: 7; 20 2: 26 
4 11; 19 20; 28 
23; 3; 21 10; 27 
13; 18; 16 23; 24 
22: 7; 21 16; 29 
2: 6; 19 11; 27 
21; 9 11; 16 23; 24 
3; 15 20; 23 14 
Zz 7; 23 6 
5; 17: 34. & 
2; 10; 24 18 
a7: Ea 9 
15; 21; 18 3; 25 
9; 7; 19 4; 26 
18 29 
4; 8; 20 12; 27 
14; 17: 19 20; 26 
18; 2; 24 9 
17; 5; 20 17; 29 
12; 3; 23 10; 30 
4 19 1 
7; 12 23; 20 14; 28 
10; 0; 18 13; 26 
20; 0:22 §: 20 
8; 2:23 6 
5; 9 23; 23 12; 30 
0; 3 23 2 30 
20; 2; 20 14; 25 
18; a 3:2 
22: 22: 21 22: 27 
22 13; 23 20; 30 
19: 22; 24 2 
12; 9 23: 18 9; 26 
5: 13 3: 3D th: S7 
is 23; 21 18; 28 
19 26 
9; 0; 28 14° 
3; 7; 27 12 
z= 13; 16 1; 23 
5: 19; 18 9; 26 
2 10; 28 12 
4; 13; 18 22; 26 
21; 14; 23 6 
22: 0; 20 16; 28 
13; 16; 22 19 
29 
15; 0; 25 9; 30 
a 8; 24 6 
22; 11; 22 0; 29 
18; 6; 19 6; a 


9 
20 
16 
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Maxima of Variable Stars ot Short Period. 
[Calculated by Julia M. Hawkes at Goodsell Observatory.] 


Given to the nearest hour in Greeriwich mean time. To obtain Eastern standard 
time subtract 5"; Central standard time 6"; etc. 


Star R. A. Decl, Magni- Approx. Greenwich mean times of 
1900 1900 tude Period maxima in 1917. 
June 

h m oUF d ih d » &£ d oih 4 h 
SX Cassiop. 005.5 +54 20 86— 9.2 36 13.7 5 23 
SY Cassiop. 009.8 +57 52 93—99 4 1.7 7 7; 15 11; 23 14 
RR Ceti 127.0 + 050 83—90 0133 7 0; 14 18; 22 11; 30 5 
RW Cassiop. 1 30.7 +5715 89—11.0 1419.2 4 8 18 22 
V Arietis 209.6 +1146 83— 9.0 023.8 5 12; 13 11; 21 9; 29 7 
SU Cassiop. 2 43.0 +68 28 65— 7.0 1228 4 2; 11 21; 19 17; 27 12 
TU Persei 301.8 +52 49 11.4—12.2 0146 3 2:10 8; 17 15; 24 22 
RW Camelop. 3 46.2 +58 21 8.2— 9.4 16 00.0 13 29 
SX Persei 410.2 +41 27 104—11.2 407.0 9 3; 17 17:26 6 
SV Persei 428 +42 07 88— 9.6 11 03.1 12 0; 23 23 
RX Aurigae 4545 +39 49 7.2— 8.1 1115.0 4 21; 16 12; 28 3 
SX Aurigae 5 04.6 +42 02 80— 87 1128 3 19; 11 11:19 3; 26 18 
SY Aurigae 05.5 +42 41 84— 9.5 1003.3 1 8; 11 12; 21 15 
Y Aurigae 21.5 +42 21 86—96 3206 6 16; 14 9; 22 2; 29 19 
RZ Gemin. 5 56.6 +22 15 91—100 512.7 2 4;13 5; 24 6; 29 19 
RS Orionis 6 16.5 +1444 82—89 7136 412; 12 1; 19 15; 27 4 
T Monoc. 19.8 + 708 5.7— 68 27003 3 22 30 23 
RT Aurigae 23.0 +30 33 51—60 317.5 6 4; 13 15; 21 1; 28 13 
RZ Camelop. 23.7 +67 06 11.0—13.0 011.5 4 11; 11 16; 18 21; 26 2 
W Gemin. 29.2 +15 24 6.7—7.5 7220 8 4,16 2; 24 0 
¢ Gemin. 6 58.2 +20 43 3.7—43 1003.7 3 8; 13 12; 23 15 
RU Camelop. 710.9 +69 51 85—98 1206.5 315 25 22 
RR Gemin. 7 15.2 +31 04 10.0—11.5 0095 4 3; 12 2; 20 0; 27 23 
V Carinae 8 26.7 —59 47 74— 8.1 616.7 7 3; 13 19; 20 12; 27 5 
T Velorum 8 34.4 —47 01 7.6—85 4153 7 18;17 1; 26 7 
V Velorum 919.2 —55 32 75—82 4089 5 16; 1410; 23 4 
RR Leonis 10 02.1 +24 29 91-101 0109 611; 13 6; 20 1; 26 19 
SU Draconis 11 32.2 +67 53 89—96 0158 1 4; 719; 14 9; 27 14 
S Muscae 12 07.4 —69 36 64—7.3 9158 3 12; 13 3; 22 19 
SW Draconis 12.8 +7004 88— 9.6 013.7 8 9; 16 8; 24 8 
T Crucis 15.9 —61 44 68—7.6 617.6 3 12; 10 6; 23 17; 30 11 
R Crucis 18.1 —61 04 68—79 5198 2 7; 8 3; 19 18; 25 14 
S Crucis 12 48.4 —57 53 65— 7.6 4166 117; 11 2; 20 12; 29 21 
W Virginis 13 20.9 — 2 52 8.7—10.4 17 06.5 15 15 
SS Hydrae 25.0 -23 08 7.4—81 8 48 8 14; 16 19; 25 0 
RV Urs. Maj. 13 29.4 +54 31 92— 9.9 011.2 5 22; 12 22; 19 23; 26 23 
ST Virginis 14 22.5 — 0 27 103—11.4 009.9 6 13; 14 18; 22 23 
V Centauri 25.4 —56 27 64—7.8 511.9 2 0; 13 0; 23 23; 29 11 
RS Bootis 29.3 +32 11 89—10.0 009.1 2 8; 9 21; 17 11; 24 23 
RU Bootis 14 41.5 +23 44 128—143 011.9 6 23; 14 10; 21 19; 29 6 
R Triang. Austr. 15 10.8 —66 08 6.7— 7.4 309.3 6 19; 13 14; 20 8; 27 3 
S Triang. Austr. 15 52.2 -—63 29 64— 7.4 607.8 4 11; 10 18; 23 10; 29 18 
S Normae 16 10.6 —57 39 66—7.6 918.1 8 2; 17 20; 27 14 
RW Draconis 33.7 +58 03 96—10.8 0106 4 21; 13 17; 22 14 
RV Scorpii 16 51.8 -—33 27 67—7.4 601.5 5 6; 11 18; 23 11; 29 12 
X Sagittarii 17 41.3 -—27 48 44— 5.0 700.3 6 16; 13 16; 20 17; 27 17 
Y Ophiuchi 47.3 — 607 61— 6.5 17 02.9 17 19 
W Sagittarii 17 58.6 ~—29 35 43— 51 7143 7 21; 15 11; 23 1; 30 16 
Y Sagittarii 18 15.5 -—18 54 54—~ 62 5186 1-6; 12 19; 24 9; 30 3 
U Sagittarii 26.0 —19-12 65— 7.3 617.9 3 .0; 9 18; 23 6; 30 0 
Y Scuti 32.6 — 8 27 8.7— 9.2 1008.3 7 7; 17 15; 28 0 
Y Lyrae 34.2 +43 52 113~123 0121 2 9; 8 9; 20 11; 26 12 
RZ Lyrae 39.9 +32 42 9.9—11.2 0123 222; 9 1; 21 7; 27 11 
RT Scuti 44.1 —10 30 91— 9.7 011.9 6 22; 12 21; 24 18; 30 17 
« Pavonis 18 46.6 —67 22 38— 52 9022 4 9; 13 11; 22 13 
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Maxima of Variable Stars of Short Period—Continued. 


Star R.A. Decl. Magni. Approx. Greenwich mean times of 
1900 1900 tude Period maxima in 1916. 
June 
h m oe # d h dh d ih dih doh 
U Aquilae 19 240 — 715 62—69 700.6 7 11; 14 12; 21 12; 28 13 
XZ Cygni 19 30.4 +5610 86—93 0112 6 3;13 3; 20 3; 27 3 
U Vulpec. 32.2 +2007 65—76 723.5 2 7;10 7; 18 7; 26 6 
SU Cygni 40.8 +2901 62—7.0 3203 6 10; 14 3; 21 19; 29 12 
» Aquilae 474 +045 37—45 7042 6 10; 13 14; 20 19; 27 23 
S Sagittae 51.5 +16 22 56—64 809.2 8 1; 16 10; 24 19 
X Vulpec. 19 53.3 +2617 9.5—10.5 607.7 1 20: 8 4; 20 19; 27 3 
X Cygni . 20 39.5 +35 14°-60— 7.0 1609.3 1 22 18 7 
T Vulpec. 47.2 +2752 55—61 4105 110; 10 7; 19 4; 28 1 
WY Cygni 52.3 +3003 9.6—104 0135 4 3; 10 20; 17 14; 24 7 
RV Capric. 55.9 —15 37 9.2—10.1 010.7 2411; 9 4; 22 15; 29 8 
TX Cygni 20 56.4 +42 12 85— 9.7 14174 7 2 21 20 
VY Cygni 21 00.4 +39 34 88-— 95 7206 5 4; 13 0; 20 21; 28 17 
SW Aquarii 10.2 — 020 99-108 0110 1 6; 8 3; 21 22; 28 19 
VZ Cygni 21 47.7 +42 40 82— 9.2 420.7 5 13; 15 7; 25 0; 29 21 
Y Lacertae 22 05.2 +50 33 9.1— 9.6 407.8 7 12; 16 4; 24 20 
5 Cephei 25.5 +5754 3.7- 46 5088 2 20; 13 13; 24 7; 29 16 
Z Lacertae 36.9 +56 18 8.2— 9.0 10 21.1 11 7:2 4 
RR Lacertae 37.5 +5555 85-92 610.1 6 16; 13 2; 19 12; 25 22 
V Lacertae 22 445 +55 48 85— 95 4 23.6 1 0; 10 23; 20 23; 30 22 
X Lacertae 45.0 +55 54 82— 86 510.7 3 21; 14 18; 20 5; 25 16 
SW Cassiop. 23 03.7 +58 11 9.2—9.7 5106 3 7; 8 17; 19 14; 30 12 
RS Cassiop. 32.6 +61 52 9.0—11.0 607.1 111; 7 18; 20 8; 26 15 
RY Cassiop. 47.2 +58 11 9.3—11.8 12034 6 1; 18 4; 30 18 
V Cephei 23 51.7 +82 38 6.0—7.0 0 23.6 5 11; 15 11; 25 10; 30 10 





NOTES FOR OBSERVERS. 


Monthly Report of the American Association of Variable Star 


Observers, March, 1917. 

That our members have succeeded in obtaining a particularly good number of 
observations during a month reported to have been particularly inclement in most 
parts of the United States of America and Europe, must be most satisfactory to 
them. The irregular variables 074922 U Geminorum and 060547 SS Aurigae have 
been particularly well observed. 

Professor Edward C. Pickering’s request for observations of 060547 SS Aurigae 
at its approaching maxima met with hearty response, and the rise was very well 
observed at Mt Holyoke, Vassar, Harvard College, and other observatories. Of our 
members, Messrs. H. C. Bancroft, Jr. and Allen B. Burbeck were able to obtain 
continued observations of the rapid rise that the star makes to its maximum. 
Mr. Leon Campbell, of Harvard College Observatory, says, “The rise occurred four 
days ahead of the predicted date, but when one considers how this erratic star 
behaves, the prediction may be called a fairly close one. According to the prediction 
curve, it should rise again on or about May 15”. 

074922 U Geminorum may be expected to rise at any time during the month 
of April. 

We welcome as a member of our Association this month Monsieur G. Houdard, 
St. Germain en Lay, Seine et Oise, France. Monsieur Houdard possesses a_ well- 
equipped observatory, but for the time being will observe with a field glass, and his 
observations will be published under the letters ‘“‘Hd.” 
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VARIABLE STAR OBSERVATIONS March, 1917. 
Feb. 0 = J, D. 2421260; Mar. 0 = 2421288 ; Apr. 0 = 2421319. 
001046 011272 021024 
X Androm. S Cassiop. R Arietis o Ceti R Triang. 
J.D. | Est.Obs. oP Se Est.Obs. Pe Est.Obs. a* Est.Obs. oo” Est.Obs. 
242 
1286.6 8.7 B 1220 89 Lt1299.5 8.0 Ba1285.3 6.0 Pe 13026 11.0 B 
995 89 Ba 49 9.2 Lti3075 84 S 86 67 Lt 07.6 12.0 Hu 
13135 89 Ba 51 93 Lt 10.5 7.9 Ba 87.3 61 Pe 08.5 11.2 Wh 
54 94 Lt 10.5 11.4 Ba 
001620 56 46994 Lt 021281 021558 024217 
T Ceti 73 9.7 Lt _ ZCephei S Persei T Arietis 
1234 63 Lt 86 99 Lt1303.6 Ai V 1294.6 9.0 Bu seg 97 Lt 
41.2 61 L 896 9.4 B 86 91 Bo 7 97 Lt 
50 64 Lt 946 9.7 Nt, 021143 915 88 Ba 73 «96 Lt 
51 64 Lt 995 9.6 Ba,,WAndrom. 13075 91 Mc pg) 97 [yt 
"54 64 Lt 13016 96 B 12946 91 Bu 076 93 B gp 97 L 
07.5 10.0 Mc,,22> 84 Ba 10.5 90 Ba g4 9¢ lt 
001755 086 9.7 Wh 19086 8.5 Bu 8 96 Lt 
12896 93 B 096 98 B 021403 ee 9 96 Lt 
995 91 Ba 135 96 Ba oceti 1203 86 Ltyyig ge i 
1008 92S i468 97 B ,, 08 84 Lt ar 
=. 6 97 Bui233 43 Vo 4; go pp 20 97 Lt 
33 «445 Lt 49 96 Lt 
05.7 9.6 Bg 012350 34 45 Lt 22 82 Lt 5 9 
07.5 94 Mc RZ Persei - wwe Sek Se 
08.6 9.1 Bui2946 10.4 Bu 7 vo 33 87 Lt 2 o 
003179 wmtmer @. “@* t3 2h 8 Mh 
Y Cephei 0s te pa SO 4 OL 024356 
1294.6< 11.5 Bu ; ; 41 49 Vo — 022150 W Persei 
1308.6<11.8 Wh — 012502 42.3 4.8 Pe RR Persei 1294.6 9.3 Bu 
12.6<12.9 Ba R Piscium 435.3 Lt 1294.6<11.6 Bu 99.6 9.1 Ba 
1249 101 Lt 49 5.4 Lt 1310.5<13.0 Ba 99.7 9.4 Mu 
004047 ; 50 5.4 Lt 1305.6 9.5 Mu 
U Cassiop. 014958 50 5.1 Vo 022813 07.6 9.2 Hu 
1303.6 11.4 BX Cassiop. 5105.4 Lt U Ceti 07.5 9.0 Ba 
04.5 11.5 Y 12946 11.7 Bu 51 5.1 Vol271.3 84 Pe 9g 94 Wh 
07.5 <9.9 S 99.5 12.0 Ba 54 5.4 Lt 023080 08.6 9.7 Bu 
07.5 11.5 Ba13046 118 Y 54 5.2 VO RR Gephei 13.5 92 Ba 
07.5 116 Mc 55 54 Lty3936 10.7. Vv 
004281 08.6 12.7 B 55 52 Vo 030514 
RX Cephei 10.5 12.0 Ba 56 54 Lt _ 023133 U Arietis 
49 7.6 Lt 015354 57 «5.4 Lt 1233 7.7 Vo 
54 7.6 Lt _U Persei 57 5.2 Vo 92 fe. 
3676 Lt1237 83 Lt 62 84 Le 34 17 Vo sot @ersel 
73-76 Lt 49 86 Lt 62 52 Vo 37 7.9 Lt 17206 89 B 
51 686 Lt 65 54 Lt 37 79 Vo 26 92 Bu 
004435 54-86 Lt 65 53 Vo 41 79 Vo go6 38 Ba 
V Androm. 56 86 Lt 66 54 Lt 43 82 Vo joe, 93 Mu 
1249 10 Lt 73 89 Lt 66 53 Vo 49 85 Lt 046 08 Be 
86 691 Lt 67 54 Lt 50 84 Vo gon 96 Mu 
004958 946 101 Bu 67 54 Vo 51 85 Lt : iy 
oa 9.6 99 B 68 55 Lt 51 84 Vo %6 97 B 
assiop. 99.5 103 Ba 693 52 L 54 86 Lt °88 9%7 Bu 
1299.5 11.2 Ba 10.5 9.6 Ba 
13043 108 Y ..2%2 10.0 Mu 69 5.5 Vo 54 85 Vo i432 93 N 
075 110 Ba 13035 10.1 V 693 50 L 56 86 Lt , 
086 110 B 07-5 103 Mc 69 5.5 Lt 56 86 Vo 032335 
08.6 91 Ba 08.6 10.0 B 70.3 5.4 Pe 67 9.3 Vo R Persei 
SER BE Res eee Oe 
' . a 4 t Yu Jo J t 
73 55 Vo 73 96 Lt 25 £89 Lt 
010940 015912 75 61 Lt 73 95 Vo 49 103 Lt 
U Androm. S Arietis 75 §.7 Vo 7 9.7 Vo 51 10.4 Lt 
1294.5<11.0 Bu 1303.5<124 B 76 5.7 Vo 89.6 10.5 B 1310.5<12.5 Ba 
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033362 043274 050953 053068 054920 
U Camelop. X Camelop. R Aurigae S Camelop. U Orionis 
J.D. Est.Obs. J.D. Est.Obs. J.D. Est,Obs. J.D. Est.Obs. j.D. Est. Obs. 
242 242 242 242 242 
1294.6 8.1 Bui269 10.4 Lt12946<11.5 Bui2946 9. 
1300.6 88 Pi 73 10.5 Lt1308.7<11.1 Bgi300.6 10. 
00.6 93Wpi 75 10.6 Lt 106 12.9 Ba 076 8 
9 
9 


7 Bu 12946 9.7 Bu 
0 Pi 1301.5 10.9 Cr 
8 Ba 06.7 10.6 Bg 
5 
7 


07.6 76 Ba 946 123 Bu 14.6<12.0 Nt 07.6 Mc 07.6 11.0 Hu 


08.6 7.8Wh1300.6 12.5 Cr 052034 15.6 9.7 De 07.6 10.1 Ba 
00.6 12.5 P 07.6 11.0 Me 
O3S5915 05.8<11.5 betsee as B 053326 ; , 
V Eridani 07.6<i1.1 V 94.6 10.1 Bu RR Tauri 054974 
1311.7 9.4 Bg 07.6<11.1 Me 99.7 10.3 1294.6 10.5 Bu wale 
041619 10.6 12.7 Ba1305.7 9.9 Mu 053531 946c116 B 
T Tauri 10.6 124 Cr 07.6 92 Ba WU Aurigae aos on 
76 10.0 Mc 145 12.5 Nt’ 07.7 10.5Wh12946 10.6 B 9<13.0 Ba 
1307, 99.5213.0 Y 
09.6 9.9 B 1303.6 10.9 B 1300.6<13.0 B 
042209 al 12.6 = - 07.6<13.0 Ba ““o9 6-196 Cr 
Rrery pul24S<iLs Bu iss 90 Y sop cite BE o4s<i28 ¥ 
1294.5<11.7 Bu u 14 126 110 B  osecis9 B 
01.6 11.3 Wh 1300.5<12.4 Nt 16.6 10.7 Mc 426<130 Y 0782130 Ba 
036 115 B 046<124 Y 052036 14.6<12.0 Nt 976-113 Me 
07.6 10.5 Hu 10.6 12.5 Ba W Aurigae 054319 1062130 Ba 
07.6<10.6 V 12.5 12.3 Pi 1290.6 10.2 B Stee Oe 
SU Tauri 10.6<12.2 Cr 
@ 12.6<13.0 Ba 
B Orion! ' 12.6<13.0 Y 
rionis 1300.6 10.7 Nt 916 98 B 95-12% 
042215 1300.5<10.7 Nt 026 10.0 B _ = 12.5<122 Cr 
W Tauri 945 94 Nt 135<13.0 Ba 
auri 026 10.7 B 06.7 10.7Wh ogg gg By 66<113 Me 
1294.6<12.1 Bu 07.6 10.4 Ba 07.6 106 Ba 97g gg pr 1&6<11-3 Me 
a ane = 12.6 10.3 B 12.6 10.7 = 98.6 97 B 055353 
- oo 16.6 10.5 Mc 995 95 Ba Z Aurigae 
1901.6 122Wh = gy5514 052404 13006 9.6 Ba 1294.6 10.0 Bu 
oe eB on iepes S Orionis 01.6 98 B 13076 10.7 Ba 
07.6 11.6 Hu 1237 78 Lt 1230 8.2 Lt 01.6 9.7 Cr 10.5 10.8 Nt 
6 12.0 Ba ; i & 9.0 OF . . 
07.6 414 69 L 33 82 it o76 97 Pi 126 10.8 Y 
07.6<11.4 Mec 45 8.1 Lt 37 8.2 Lt 02.6 99 B 16.6 11.0 Mc 
ane ® UES BE BE He 
2. 1p * . 50 82 Lt as 6B 060450 
2é<iz3 B 3) 82 lt 5, gf Lt Oss 97 ¥ _X Aurigae 
13.5 122 Ba 2 85 it 54 82 Lt 056 95 Ba 12946 10.9 Bu 
8.2 Lt 6 Vv 01.5 10.3 Pi 
— — SS we 88 we thie 6 eB 
oe. 127 B. 73 84 Lt 88 84 Lt 076 95 B 07.6 10.0 Ba 
076 106 Vv 73 8.4 Lt 73 8.6 Lt 08.6 9.7Wh 976 99 V 
108 128 B 86 86 Lt 75 8.7 Lt 086 95 8B 10.5 9.6 De 
. . 90.6 76 B 86 8.9 Lt 0996 9.4 B 12.6 91 B 
146 12.2 B 1307.6 77 Ba 945 9.5 Nt 10.6 93 Ba 13.5 9.2 Ba 
TCamelop. 095 85 B 13075 98Mc 126 9.4 Ba 
00.6 8.9Wpi _ 050003 ss00 13.5 9.2 Ba ee a 
07.6 8.9 Ba  V Orionis rionis 146 94 8B “O< 164 Bu 
07.6 88 Mc 1201.6<12.3 Wh1270.3 10.2 Pe 146 95 Wh _99.5<13.0 Ba 
10.5<12.7 Ba 986 103 B 1456 95 y 1300.6<12.6 Cr 
043208 1301.6 10.3Wh 176 92 Ba 00.6<13.0 Ba 
RX Tauri 01.5 10.1 Pi 485 94 Ba 01.5<12.4 Pi 
1294.5<11.5 Bu 050022 07.6 10.0 Ba 01.6<12.4 Bu 
1300.5<12.0 Nt  T Leporis 08.6 10.9 B 054615a 03.5<12.4 Cr 
10.6<12.5 Bai307.5 10.0 Mc 10.5 10.5 Nt Z Tauri 04.6<13.0 Y 
125<11.5 Pi 10.5 10.3 Ba 16.5 10.1 Nt13046<12.7 Y 05.6<13.0 Ba 
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063558 070122a 072708 074323 
SS Aurigae S Lyncis R Gemin. S Can. Min. T Gemin. 
J.D. Est.Obs. J.D. Est.Obs. J.D. Est. Obs. J.D. Est. Obs. J.D. Est. Obs. 
2 242 242 242 42 
1306.7 < 11.4 Wh 1300.5 12.7 Nt 1245 9.3 Lt 1245 8.9 Lt 1206.7 11.2 Bg 
06.6<12.4 Bu 01.6<11.7 Bu 49 95 Lt 49 91 Lt 06.6<11.9 Bu 
07.5<13.0 Ba 07.6<13.0 Ba 50 97 Lt 50 85 Vo 07.6 106 Ba 
07.6<11.4 V 11.7<11.7 Bg 50 9.7 Vo 51 92 Lt 07.7<11.0 V 
10.6<13.0 Ba 126 126 Y 51 96 Lt 54 91 Lt 126 106 Y 
10.6<12.4 Bu 54 98 Lt 56 93 Lt 166 10.3 Nt 
10.6<12.4 Cr 064030 56 98 Lt 73 99 Lt 
12.6<13.0 Ba X Gemin 69 <10.0 Vo 96.5<10.0 D 074922 
12.6<13.3 Y 1300.6 8.7 73 101 Lt 986 111 B U Gemin. 
12.6<12.4 Bu 01.6 9.4 Bui300.5 10.1 Nt 99.6 11.1 Mu 12413 93 L 
13.6<13.0 Ba 076 7.6 V 01.6 11.7 Bu —<o S 69.3<11.7 L 
13.5<13.0 De 086 89 Y 07.6 11.5 Hu 11.2 B 86.6<12.4 B 
146<124 Bu 106 82 Ba 07.6 11.3 Ba oe 10.6 Bu 87.6<12.4 B 
15.6<11.4 V 106 85 Nt 07.6 118 B 05.6 11.1 Mu 89.6<12.3 B 
16.6<10.8 Mc 16.6 9.1 Mc 13.6 12.0 De 05.8<10.0 Bg 946<12.4 Bu 
16.6<11.6 Bu 13.7 11.5 Wh 06.6 10.8 Bu 97.5<12.4 B 
16.6<12.4 Nt 064707 16.6 10.5 Mc 07.6 11.1 8a 97.6<11.7 De 
17.6<12.4 Bu _W Monoc. _ - 07.5 10.0 Mc 98.5<12.5 B 
17.7 12.5 Bu1312.6 11.3 Pi 07012 09.6 11.6 B  99.5<13.5 Ba 
17.55 13.0 Ba 2 wer Ne 13:6 11.6 Wh 1300.7<12.3 Pi 
17.64 12.7 Baggs y 1390.5 124 Nt 166 119 Nt 00.6<13.7 Ba 
18.54 11.0 Bay nono. 01.6<12.1 Bu 00.5<13.3 Nt 
168 112 Y 9 94 Lt 07.6 123 Ba = q79811 00.6<12.4 Cr 
18.6 11.0 Bu'“g, 93 pe OCS 100 Mc TCan Min.  01.6<125 B 
185 111 Cr ¢5 93 r 128 mee 1301.6<11.8 Bu 02.6<12.7 B 
3% «#494 Lt 13.7<11.6 Wh 966<11.8 Bu 03.6<12.7 B 
75 94 Lt 070122c 07.6<12.5 Ba 03.6<12.4 Cr 
061647 73. 93 Vo __ TW Gemin. 12.6+13.0 Y 046 13.9 Bu 
oe . . ° 1300.5 83 Nt 04.6<12.7 B 
1286.6 11.8 869.6 Lt ; 
a. 8.6 Bu 05.6<13.3 Ba 
94.6 10.8 Bu 1303.6 10.2 Pi 076 «78 8B 073508 06.7< 12.3 Wh 
1308.6 12.1 045 94 Y “ 28 U Can. Min. 
07.6 8.4 Mc 06.7<11.4 Bg 
10.6 121 4 06.6 10.1 Bu 1241.3 9.5 L 
, 13.6 7.8 De 06.6<12.4 Bu 
146 112 Y 076 99 V 49 9.8 Lt ‘ 
13.7. 8.5 Wh 07.5<13.7 Ba 
08.7 10.0 Bg 5110.0 Lt 9782154 Hu 
10.6 9.9 Ba 070310 54 10.0 Lt 07.6<125 
061702 10.6 10.0 N 7.6<12.5 B 
V Monoc. 76 10.0 B ‘ 7<11, 
‘ . we : u 1241.4 10.7 L 693 96 L 08.6< 12.8 B 
1303.6 11.5 Pi 86.6 10.0 B 86.6 9.0 B o06cis8 B 
as os oe 1301.6 9.5 Bul3016 91 Bo ig 243 
10.6 11.4 Nt 065208 016 98 B 10.6<13.5 Ba 
X Monoc. 07.6 8.7 Ba eae 108 Bu 10.6<12.4 Bu 
1306.6 88 Bu 97.6 90 B ; ‘© Su 12.6<13.7 Ba 
F 10.6 7.8 Ba 071201 9 6< 12, 
U Lyncis M 07.6 92 Me 4962137 Y 
16.6 8.2 Mc RR Monoc. ‘ . 
1294.6<11.8 Bu 12165. 84 Ne 7’ 9%! Bo i9¢<124 Bu 
1307.6<13.6 Ba 5 ? ‘ 13.6 14.0 Bu 
aS OS 071713 073723 146<127 B 
1301.6 89 Bu ,..v Gemin. S Gemin. 14.6<12.4 Nt 
026 §8 B 1260 10.0 Lti2986 88 B  14.6<124 Bu 
063308 076 88 Ba & 9.6 Lt1303.5 9.2 Cr 15.6<11.7 V 
R Monoc. 10.6 8.7 73 95 Lt 046 87 B 16.6<12.4 Bu 
1297.6<11.2 Cr jye 34 75 94 Lt 066 93 Bu 17.6<12.3 Wh 
1300.6<11.3 Cr ; 86 8.7 Lt 07.6 84 Ba 17.6<12.4 Bu 
03.6<11.7 Pi 1301.6 84 Bu 07.7 92 V 18.6<12.4 Bu 
12.5<12.2 Ba 070109 045 86 Y 08.7 8.7 Wh 
14,6<11.8 Bu V Can. Min. 06.8 85 Bg 126 86 B 075612 
15.6 10.0 V  07.6<11.4 Mc 076 86 Ba 146 86 B U Puppis 
16.6<11.8 Bu 126<13.0 Y 076 84 V 166 87 Nt 13045<12.9 Y 
17.6<11.8 Bu 126<12.1 Pi 166 92 Nt 17.7. 88Wh_  10.6<12.2 Ba 
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081112 085008 121418 
R Cancri T Hydrae R Leo. Min. U Hydrae R Corvi 
J.D. Est,Obs. 9 _ Est. Obs. yee Est.Obs. ae Est.Obs. 5” Est.Obs. 
242 4 
1294.5 84 Nt1300.6 11.5 Nt1300.5 88 S 1267 5.4 Lt 1249 7.6 Lt 
986 84 B 106 106 Ba O76 90 Mc 73 83 Lt 62 72 Lt 
98.6 3.4 10. i a : . c , s 
1300.7 7.9 Ba —_gg5420 086 85 Hu 75 53 Lt 73 7.7 Lt 
01.6 83 Bu T Cancri 10.6 8.2 Ba 84.4 8.7 Pe a. 79 Lt 
, 7.9 H 85.4 .7 Pe 6 é a 
O78 7.8 Ba = “y 4 094023 86 OBS Lt 07.6 8.5 Mc 
07.6 7.8 B ' RR Hydrae_ 1310.7 4.4 Ba 088 6.0 Bg 
. . 1301.6 88 Bu 1312.6 10.0 Pi 126 80 B 
16.6 7.5 Nt 086 8.2 Hu : : 108769 os - 
16.6 7.6 Me 996 85 B 094211 , r : t 
. R Urs. Maj. 18.6 8.7 Hu 
09.7 9.2 Bg R Leonis ‘ ‘ ‘ : 
‘ 1249 10.2 Lt 
sets 10.6 8.1 Baj233 9.9 Vo 
V Cancri 89.6 10.2 B 122001 
090151 37 «9.2 «Lt 4300.6 12.4 Ba SS Virginis 
1245 9.3 Lt V Urs. M 4 92 L = ‘ g 
49 94 Lt rs. Maj. 5) a. t 00.5<12.0 Pi 129866 7.1 8B 
51 9.5 Lt , F a 
54 97 Lt 89.6 99 B 51 9.5 Lt 047 11.6 Bg 01.6 81 Bu 
’ t Z i , 
1301.6 119 Bu %-6 9.5 Bu 71.3 9.4 Pe 104620 
106 11.0 Ba 6 103 Mu 75 98 Lt1303.6 7.3 Pi TT Can. Ven. 
10.5 11.7 Ne 99-7 103 V 86 98 Lt 066 7.5 De 12946 9.2 Mc 
16.6<12.0 Nt 106 103 Ba 89.5 91 B 10.7 64 Ba 13006 9.9 Pi 
ee ee 090425 1300.6 10.2 S 00.6 9.9Wpi 
082405 W Cancri 00.7 9.1 Ba 104814 00.6 9.6 Ba 
RT Hyd 1301.6 124 Bu 01.6 94 Bu W Leonis 01.6 9.8 Bu 
ydrae . ; u \ : 
12895 79 B 106 13.0 Ba 946 99 B 03.6 128 B 126 9.4 Ba 
1303.6 86 Pi 126<132 Y 068 9.5 Bg 045 129 Y 126 102 Bu 
07.6 8.0 Ba 093014 07.6 9.8 Mc 10.7<12.7 Ba 1446 9.6 Nt 
07.6 85 B 08.5 9.3 De ale 14.6 10.2 Bu 
“ " X Hydrae 08.6 9.7 Wh 110506 15.5 9.8 Wh 
08.6 86 De 1301.6 103 Bu i958 918 Cr _S Leonis : , 
083019 03.6 11.0 Pi i96 99 Cr 126<13.0 Y 
UC : 08.6 10.8 Y 13.6 91 B 122803 
3016-119 Bu 106 112 Ba “™ - Se 110019 Y Virginis 
1301.6<11.9 Bu 094622 R Comae Ber. 12866 11.1 B 
Pa Ba 093178 ; 08.6<12.5 Bu 13016 101 Bu 
-7<11.6 VY Draconis Y Hydrae 08.8<11.4 Bg 46 99 B 
12.6<13.3 Y 1298.5 13.0 Y 1301.6 7.7 Bu Tels 04.0 
u  10.7<125 Ba 076 9.1 Ba 
15.6<11.6 V 1301.6<12.2 Bu 036 7.0 Pi 126 130 Y 126 92 Ba 
04.5 11.4 Y 10.6 6.7 Ba 136 93 Pi 
a. 093934 120012 
Mad 095421 SU Virginis 123160 
60 9.8 Lt1220 10.1 Lt  V Leonis 01.6<12.5 B T Urs. Maj. 
73 98 Lt 23 9.8 Lt 1301.6<12,8 Bu 01.6<12.3 Bu 1233 8.0 Lt 
75 98 Lt 37 9.0 Lt 045<132 Y 09.6<125 B 37 7.7 Lt 
8 469.9 Lt 45 85 Lt 106 124 Ba 097<113 V 45 70 Lt 
1310.6 10.7 Ba 49 83 Lt 126 135 Y 9% +9 —y 49 6.8 Lt 
50 8.2 Lt 13.6<12.0 Pi 50 6.8 Lt 
084803 51 8.1 Lt 103212 51 6.8 Lt 
S Hydrae 54 8.0 Lt U Hydrae 120905 54 6.8 Lt 
12006 96 Pi 56 8.0 Lt 1237 5.8 Lt T Virginis 56 6.8 Lt 
00.6 9.9 Nt 62 7.8 Lt 49 5.7. Lt 1273 9.8 Lt 60 6.8 Lt 
006 9.7 B_ 68 7.6 Lt 51 57 Le 86 10.1 Le 62 6.8 Lt 
07.6 91 B 69 7.6 Lt 53 5.6 Lt1301.6 10.4 B 65 6.9 Lt 
07.6 9.1 Bu 73 7.9 Lt 54 5.6 Lt 09.6 10.2 B 67 6.8 Lt 
08.6 9.0 Hu 75 7.9 Lt 56 5.6 Lt 09.7 10.8 V 69 7.0 Lt 
08.5 88 D 86 8.7 Lt 62 5.5 Lt 12.6 10.9 Ba 73 7a Se 
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S Urs. Maj. 


124204 
RU Virginis 


13.6<11.6 Pi 


124606 
U Virginis 


132202 
V Virginis 


132422 
R Hydrae 


132706 
S Virginis 


133273 
T Urs. Min. 
Mc 1275 <10.0 Vo 


T Urs. ‘aoe 
J.D. Est.Obs. 
aa - 
1275 ® t 
me i tees 
90.6 7.7 B 995 
94.5 7.6 Nt 947 
946 8.1 Mc 957 
99.7 7.6 Mu 97.7 
99.5 80 Ba 976 
13006 80 S  og¢6 
00.5 86Wpi 196 
00.5 8.1 Pi j9¢6 
04.7 84 Bg 446 
05.7 8.0 Mu 445 
07.6 84 B 466 
07.6 85 Ba 
08.6 84 Hu 
10.6 9.0 Bu 
12.6 86 Ba ; 
146 8.6 wer 
14.5 85 Wh 12.6 
16.6 8.8 Mc 
123307 
R Virginis 
1249 11.1 Lt 
69 10.2 Lt — 
73 9.5 Lt 12.6 
73 94 Vo 136 
75 94 Lt 166 
86 8.9 Lt 
86.6 88 B 
1300.7 7.9 Ba 
01.6 8.7 Bu 
05.6 7.8 Ba /309.6 
076 79 S 127 
08.6 8.0 B 
12.6 7.4 Ba 
13.6 7.5 Pi 
18.6 7.9 Hu 1312.7 
123459 
RS Urs. Maj. 
1299.5 13.0 Ba 
1300.5<11.8 Pi 1237 
07.7 13.2 Ba 49 
10.6<12.6 Bu 56 
12.6 129 Ba 62 
14.5<11.0 Wh 73 
123961 
S Urs. Maj. 1300.7 
1269.3 9.2 L 12.6 
69 9.2 Lt 136 
73 9.0 Lt 18.6 
75 9.0 Lt . 
86 8.9 Lt 
90.6 83 B 
94.5 86 Nt 
94.6 8.4 
99.5 8.1 Ba1307.6 
99.7 8.6 Mu 


10.6<12.4 Bu 


B 
Wh 1300.6 


GOP SES) St SS 0 a OS ee 


~ 


CoC ON NNN™ 
PNP werDUR Soe 
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134440 141954 
R Can. Min. S Bootis R Bootis 
pes Est.Obs. J.D. Est.Obs, LD. Est.Ohbs. 
42 24 242 
8.2 Lt1299.6 10.2 Ba 1300.6 85 S$ 
45 8.4 Lti3006 96S 00.7 83 Ba 
49 8.6 Lt 006 95WPi 008 8.5 Pi 
51 8.8 Lt 006 9.7 Pi 006 8.2Wpi 
54 89 Lt 066 99 Bu 106 8.6 Bu 
56 9.0 Lt 07.7 95 Ba 126 85 Ba 
56 9.0 Lt 086 9.4Wh 129 88 Mc 
73 94 Lt 12.7 92 Ba 13.7 86 Wh 
86 95 Lt 146 9.5 Bu 
89.6 10.0 B 16.6 8.8 Mc 144918 
94.6 9.5 Mc 186 86 Hu U Bootis 
10.4WPi 12.7 10.4 Ba 
00.6 10.2 Pi a 1318.6 10.2 Hu 
00.7 9.5 Ba Irginis 
01.6 10.2 By 1310.6<11.3 Bu 150018 
046 103 B 12.7 13.2 Ba RT Librae 
) 1312.7 11.8 Ba 
07.6 11.0 S 142539 : 
10.6 104 Buy Bitis 150519 
12.6 10.3 Ba so¢5 9.3 Lt T Librae 
146 10.6 B . i 1312.7<12.0 Ba 
146 104 Bu 23 88 Lt 
186 110 Hy 88 7.9 Lt 151714 
; ‘0 Flu 94.6 8.4 Mc _ SSerpentis 
1300.7. 7.6 Ba 1312.7 13.0 Ba 
135998 00.6 7.7 S 151713 
RR Virginis 00.6 7.6 Pi S Cor. Bor 
10.8 Ba 1312.7 15.8 Ba 00.6 7.7 Wpi 1234 82 Lt 
i 06.6 7.8 Bu ; 
077 «75 Ba 4 84 Lt 
140113 136 77 Ba 42 80 Lt 
. J = a 
Z Bootis 13.7 75 Wh 67 8.0 Lt 
1310.6<11.2 Bu ige 79 Hy 73 81 Lt 
12.7<13.4 Ba . , Ss. as Ls 
18.6<11.9 Bu 142548 1300. E a 
R Camelop. 12.7 8.2 Ba 
140512 1262 98 Le 129 8.2 Mc 
Z Virsini 69 8.8 Lt 152714 
py 73 «84 Lt Lib 
6.7 Ba 1312.7<13.0 Ba RU Librae 
; 73 8.3 Vo 1317.8<11.4 Mc 
75 8.3 Lt 
75 8.3 Vo 153215 
141567 86 84 Lt  W Librae 
—" — mm 90.6 8.1 B 1317.8 10.4 Mc 
. 1300.7 81 B 
Oo tt me aie _ wee 
50 95 Lt 40.6 86 Bu S Urs. Min. 
51 96 Lt 1426 82 Ba 1262 9.0 Lt 
54 9.6 Lt 446 8.7 Wh 69 8.8 Lt 
56 9.7 Lt 73 8.8 Lt 
89.6 10.7 B 143227 75 8.7 Lt 
99.6 10.9 Ba R Bootis 86 8.5 Lt 
1300.6 11.3 S 1237 82 Lt 946 82 Nt 
00.6 i1.0Wpi 49 7.6 Lt 946 82 Mc 
00.6 11.3 Pi 56 7.4 Lt 1300.6 86 Pi 
04.6 111 B 62 7.4 Lt 00.6 8.4Wpi 
06.6 11.5 Bu 67 7.7 Lt 00.7 82 Ba 
12.6 111 Ba 73 7.7 Lt 01.6 9.0 B 
146 11.7 B 73 8.0 Vo 086 83 B 
14.6 11.5 Wh 75 8.1 Vo 12.7 82 Ba 
146 11.2 Bu 86 8.1 Lt 14.7 8.0 Wh 
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154428 


155847 162807 164715 184243 
RCor. Bor. X Herculis SS Herculis S Herculis RW Lyrae 
J.D. Est.Obs. J.D Est.Obs. J.D. Est.Obs. J.D, Est.Obs. J.-D. Est.Obs, 
242 42 242 242 242 
1249 6.2 Lt1312.7 6.4 Bai1312.7 11.9 Bai262 8.0 Lt 13128<13.0 Ba 
62 62 Lt 176 7.1 Nt 128<114 V 73 82 Lt 185032 
67 62 Lt 86 8.7 Lt py Tye 
73 6.0 Lt 160118 163137 13128 8.5 Ba ysiogcios B 
75 6.5 Vo _ R Herculis —. eee 
‘ W Herculis 
86 6.2 Lt 1300.7 9.6 Ba . 85243 
88.9 6.0 Mu 127 10.1 Bal273_ 95 Lt | 165631 “vs 
898 60 Mu iss 105 Vv 1300.7 10.0 Ba RV Herculis R Lyrae 
~~? tielineg 12.7 11.3 Bal3i28 11.5 Ba 1233 42 Lt 
1300.6 6.0 Ba 178 93 Mc 17.8 114 Mc 34 42 Lt 
00.6 5.9 Cr 160210 * 37 42 Lt 
02.8 6.0 Mu __U Serpentis 170215 59tsCisdt 
03.6 5.9 Cr 1312.7 12.0 Ba 463172 R Ophiuchi ‘ 
13128 100 Ba St 42 Lt 
05.6 60 Ba R Urs, Min. . 
160625 178 9.7 Mc 62 4.2 Lt 
07.6 6.0 Ba . 1286.6 9.1 B . ‘ 73 42 L 
RU Herculis ‘ t 
07.6 5.8 Cr gina 195 Ba..986 8.9 B 171401 _— 84 42 «Let 
08.8 6.1 Mu 1372117 Wh 1300.6 9.4Wpi_ _Z Ophiuchi 
09.7 6.4 178 115 Mc 00-6 9.4 Pi 13129 7.6 V 185364 
09.8 6.1 Mu F , 00.7 9.0 Ba 171723 Z Lyrae 
10.6 6.0 Ba 161122 a 06.6 9.5 Bu RS Herculis 1312.8 11.3 Ba 
118 66 B R Scorpii 08.6 9.4 B 143129 11.2 V ; 
126 6.0 Ba43128<125 Ba 128 92 Ba |... bp 
12.6 6.0 Cr 14.6 9.3 Wh ee yrae 
129 60 Mc 278<119 Mc RT Ophiuchi 1317.8 "9.3 Me 
‘ 1312. 
128 62.Mu 161122 b 163268 ; 191350 
13.6 6.0 Ba S Scorpii RD : 175458 TZ Cygni 
13.6 6.3 Wh 1312.8<12.5 Ba jog *°8'* 1, ~T Draconis isi98 4 B 
17.6 6.5 Wh 17.8<11.9 Mc “22 312.9 10.9 V ' pias 
45 9.14 Lt 1312. 
17.6 6.1 Nt 49 9.4 Lt 191637 
17.8 60 Mc 141222 c¢ ; 2 180531 U L 
T Scorpii 50 9.5 Lt T Herculis b Ary 
154536 13128 108 Ba 2! 96 Lti3i7.8 11.5 Mc 1312.8 11.6 Ba 
X Cor. Bor. "178 108 Mc 34 9%7 Lt 5 192743 
1300.7 9.3 Ba * , 56 9.8 Lt = 180565 — AF Cyeni 
126 9.8 Ba 1300.6 <9.8 SW Draconis yeni 
161138 13.6<12.0 Ba 1234 68 Lt 
17.7 10.4 Wh 00.7 12.1 Ba - : 
W Cor. Bor. 086<116 Wh 14.7<11.6 Wh 37 6.7 Lt 
154539 1300.7 8.5 Ba 45°. 490 B 49 68 Lt 
V Cor. Bor. 12.7 84 Ba * a ae 50 69 Lt 
1300.7 7.8 Ba RY Ophiuchi 5107.0 Lt 
12.7 78 Ba 161707 164055 1312.9 95 Vo 54 7.0 Lt 
12.9 9.3 Me W Ophiuchi —_g praconis 181136 5607.1 Lt 
154615 1312.7<12.5 Ba 41985 8.3 Lt  W Lyrae 60 7.2 Lt 
R Serpentis 88 83 Lti3128 7.9 Ba 62 7.3 Lt 
1300.7 5.5 Ba 162112 95 8.2 Lt 129 7.7 Mc 68 7.6 Lt 
12.7 5.7 Ba..V¥.Qphiuchi 209 8.2 Lt pe 73 7.6 Lt 
: ‘ 1312.7 83 Ba 93 g9 [t_ ,, 182306_ 86 867.2 Lt 
154716 49 84 Lt T Serpentis 
R Librae 162119 51 84 Lt 1312.9<11.2 V 192928 | 
1317.8 11.2 Mc  U Herculis TY Cygni 
55 87 Lt 183308 52 B 
1312.7 124 Ba 5 87 Lt XOphiuchi (3128 92 Ba 
155018 . t phiuchi 12.9 96 V 
RR Librae 17.8 118 Mc 69 87 Lti3i28 85 Ba i178 99 Mc 
1317.8 89 Mc 73 8.7 Lt 129 84 V ‘ ai 
162542 | 1313.6 8.5 Ba 193311 
155229 g Herculis 146 84Wh pv oils4 RT Aquilae 
Z Cor. Bor. 2 Lt 178 8.7 Mc yap eg ae 1312.8 7.9 Ba 
1312.7<13.0 Ba 49 5.3 Lt 1312.8<13.0 Ba toe" 
62 53 Lt 184205 193449 
155823 67 51 Lt 164319 R Scuti R Cygni 
RZ Scorpii 73 5.2 Lt RROphiuchi 1273 48 Lt 1312.8<12.7 Ba 
1312.7 11.0 Ba 86 5.3 Lt13128<12.0 Ba13i28 5.5 Ba 12.9<11.3 Mc 
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193509 200357 204017 
RV Aquilae S Cygni U Delphini T Cephei 
242 2 242 
1312.8<12.5 Ba 1312.9<11.4 Mc 1234 6.5 Lt1300.6 8.0 
37 6.5 Lt 13.6 7.2 


J.D. Est.Obs. J.D.. Est.Obs. J.D. Obs.Est J.D. Est.Obs 
2 242 


S 
Ba 


Lt 
Lt 
Lt 
A 


Lt 
Lt 
Lt 
Lt 
Lt 
Lt 
L 

Lt 
Lt 
L 

Lt 
Lt 
Lt 
Lt 
L 

Lt 
Lt 
Lt 


Ss 
Ba 


Lt 


193732 200647 30 6.5 Lt 
TT Cygni SV Cygni Raed 
1241.2 7.8 L 1312.9 88 Mc _ 204846 ygni 
RZ Cygni 1233 6.6 
194048 200715a =s«:1317.9 10.4 Me 34 6.5 
13128 9.9 Ba ys15 Aauilae 205023 413° 57 
129 9.7 Mc!3!79 93 Mc RVulpeculae 45" gy 
° 200715b 1223 9.4 Lt 49 6.0 
. Lt j 
194342 RW Aquilae 5 9.2 50 6.0 
TU Cygni 1317.9 9.2 Mc 32 88 Lt 5; 60 
12.8 10.2 Ba ? 45 8.6 Lt 54 6.0 
1312.9 10.5 Mc 200916 4 oe - 55 6.0 
R Sagittae . §6.2 §.7 
194604 1317.9 92 Mc 54 83 Lt 56 6% 
X Aquilae 56 8.3 Lt 57 6.0 
1312.9<10.8 V 200938 62 8.6 Lt 599 57 
RS Cygni 69 §=688 Lt ¢% 5.9 
194692 1233 8.6 Lt1317.9<11.4 Mc ¢9 59 
x Cygni 34 8.4 Lt 
1222 10.9 Lt 37 84 ce 210868 = 558 
25 10.7 Lt 45 8.6 Lt T Cephei m 69.3 55 
33 10.0 Lt 49 8.7 Lt 1283 6.0 Vo 73 38 
3410.0 Lt 5000 8.7 Lt 38 63 Lt Fe OBE 
37 9.8 Lt 51 8.7 Lt 34 6.2 Lt 86 58 
412 94 L 54 89 Lt 34 5.9 Vo ‘ 
45 91 Lt 56 89 Lt 37 58 Lt 213678 
49 8.8 Lt1312.8 7.4 Ba 37 5.9 Vo S Cephei 
50 86 Lt 129 75 Me 4! 6.0 Vo 1307.6 < 10.2 
51 8.6 Lt 45 6.2 Lt 08.7 11.3 Wh 
54. 8.0 Lt 201647 9 os Le 13.6 11.0 
55 7.9 Lt  U Cygni 0 65 Lt 
56 7.8 Lt 1233 9.1 Lt 50 6.0 Vo 213843 — 
577.7 Lt 34 «609.1 Lt St 65 Lt | SS Cygni 
57 74 Vo 37 9.0 Lt 51 60 Vol241.3 12.1 L 
60 73 Lt 49 87 Lt 54 65 Vo 593 113 L 
62 72 Lt 50 87 Lt 54 466 Lt 693 84 L 
65 6.7 Lt 51 8.7 Lt 55 6.6 Lt 1306.9 11.1 Me 
66 67 Lt 54 86 Lt 56 65 Vo 128 11.3 Ba 
67 66 Lt 56 85 Lt 56 66 Lt 12.9 11.0 Mc 
68 66 Lt 68 84 Lt 57 65 Vo 17.9 11.5 Me 
69 6.2 Lt 73 8.2 Lt 57 6.6 Lt 213937 
69 5.8 Vo 86 7.8 Lt 60 6.6 Lt RV Cygni 
73° 5.7 Lt 1312.9 69 Mc 62 66 Lt iS 8.3 Mc 
75 5.6 62 6.5 Vo ‘ 4 
86 5.6 Lt _ 202539 65 66 Lt 222439 
1412.8 5.9 Ba RW Cygni 65 6.7 Vo S Lacertae 
128 57 V 12413 93 L 66 66 Lt1237. 88 
12.9 62 Mc1312.9 9.2 Mec 67 6.7 Lt 45 8.6 
wn 68 66 Lt 49 8.4 
46 69 67 Lt 50 82 
z Cyan SZ Cygni 69s 6B Vo 5182 
179 104 Mc 75 69 Lt 55 85 
75 7.7 Vo 56 85 
200213 223847 76 47.7 Vo 60 87 
SY Aquilae V Cygni 86 7.3 Lt 68 8.8 
1317.9 9.3 Mc 1317.9 9.8 Mc 946 7.5 Nt 73 9.0 


No. of Observations 1462; No. of Stars Observed 225; No. of Observers 
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Mr. F. E. Brasch, one of our most recent members, and for the past few months 
temporarily an assistant at the Harvard Observatory, will this month become assist- 
ant Librarian at the John Crerar Library in Chicago, Ill., when he hopes to contribute 
to our monthly reports. 

Mr. A. T. Bolfing, of Hayward, California, contributes a good list of observations 
to this report. 

Our secretary, Mr. William Tyler Olcott, returned to his home at Norwich, Conn., 
in the early part of April, after a three month's absence in the south. 

During the latter part of March, the comet discovered by Mr. Mellish has been 
an interesting object low in the western skies, between Jupiter and the brighter 
stars of Aries. Estimates of magnitude made with the least possible optical assist- 
ance of the Mellish and the Wolf Comet (due soon to be a more conspicuous object) 
will be of value. 

Comparisons of predicted dates of maxima lately given in these “Notes” show 
that the average error of the Harvard College Observatory predictions of Mr. Leon 
Campbell is ten days; those of Hartwig and the “Companion to the Observatory” 
are twenty-six days and twenty-five days respectively. 

For the purpose of knowing when to expect a star to be at its maximum, the 
Harvard dates would appear to be the most reliable; while for the purpose of dis- 
cussing the deviations from the adopted formulae, the values derived from direct 
computation would seem to be the best. 

On May 5, 1917, there will be a meeting of the Variable Star Association at 
the home of Mr. David B. Pickering, 81 South Burnett Street, East Orange, New 
Jersey. Mr. Pickering extends a most cordial invitation to all members, and hopes 
that all will be present who can possibly arrange to do so. Affairs of particular 

importance to this Association will be discussed. 

The following members have contributed to this report: Messrs. Bancroft, 
Bolfing, Bouton, Burbeck, Crane, de Perrot, Delmhorst, Gregory, Hunter, Lacchini, 
Luyten, McAteer, Mundt, Nolte, D. B. Pickering, S. W. Pickering, Whitehorn, Vroo- 
man, Vogelenzang, Miss Swartz and Miss Young. 

JOHN J. CRANE. 
Acting Secretary. 





COMET AND ASTEROID NOTES. 


Comet a 1917 (Mellish).—The new comet which was announced last 
month became very much brighter during the last days of March. On April 4 
and 5 it was visible to the naked eye and had a short bright tail, but the low alti- 
tude of the comet prevented photographs or measures of its position. The next 
night it could not be seen because too near the sun. 

A glance at the accompanying diagram will show the reader why the comet 
brightened so rapidly and then disappeared. Its orbit took it between us and the 
sun. At the time of perihelion it was almost in conjunction with and only a few 
degrees north of the sun, and since that time the comet has been rapidly moving 
away from both the earth and the sun. 

It will be a morning object in May, but theoretically fainter than when it was 
discovered. 
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The diagram was prepared from the approximate elements, computed by Mr. 
Jeffers and Miss Easton of the Students’ Observatory, Berkeley, California, from 
observations on March 21, 22 and 23. 


DIAGRAM OF THE ORBIT OF CoMET a 1917 (MELLISH). 


ELEMENTS 


Perihelion minus node 
Longitude of node { 83 09 
Inclination 43 34 
Perihelion distance q 0.151 


= 129° 50’ 


Time of perihelion passage T = 1917, April 11.81 Gr. M. T. 
Ww 
i 


Additional observations have come to hand as follows: 
Gr. M. T. mA. i Observer Place 
h m 7 
March 23.594 2 08 04.71 f Pettit Topeka, Kan. 
24.588 2 07 21.55 : ” . 
27.5691 2 04 13.78 , Leavenworth Minneapolis 


27.5752 2 04 13.76 : Wilson Northfield 
27.577 2 04 12.96 ; Pettit Topeka 


27.5805 2 04 14.9 , Morehouse _ Des Moines 
29.5742 2 01 05.67 , Wilson Northfield 
April 4.576 1 41 58+ = = Wilson Northfield 
5.569 1 36 10 + + Wilson Northfield 
20.9140 0 44 59.9 Glancy Cordoba 
The last two positions are from circle readings of the equatorial telescope cor- 
rected by pointings on a star at near the same altitude with the comet. 
The declinations in the three observations by Wilson, in the April number of 
PopuLar Astronomy, should each be diminished by 16”, an error having been made 
in the reductions to apparent place. 
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The following later elements have come to hand just as we go to press with 
this form of PopuLaR Astronomy, advance proof of the Lick Observatory Bulletin, 
No. 290 having been kindly forwarded by Professor Leuschner. The elements were 
computed from observations on the dates March 20, 24 and 29 by Mr. Jeffers and 
Miss Easton of the Students’ Observatory, University of California. 


ELEMENTS OF CoMET a 1917 (MELLISH). 


T = 1917 April 10 6206 Gr. M. T. 
w = 120° 32” 54” ) 
Q@ = 87 25 45 | 1917.0 
i 32 18 41 

log g = 9.285270 


EPHEMERIS FOR GREENWICH MIDNIGHT 
1917, Gr. M. T. True a True 6 log A 


, 


25.9 0.0020 
19.1 
49.2 0.0435 
02.5 
03.3 0.0779 
54.7 
38.9 0.1067 
17.6 
51.9 0.1312 
22.8 
51.0 0.1521 
17.0 
41.3 0.1702 
04.3 
26.2 0.1860 
47.3 
07.9 0.1999 
28.0 
47.9 0.2120 
07.7 

28.5 y 3 27.4 0.2227 
May 30.5 47.2 
June 1.5 1 07.2 0.2320 

Brightness, March 20 = 1 


Apr. 18.5 


WOoWMoIDPRPIWNS o 


PVSOARWSRA RNS 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


WYN eee 
Pm SOD 





D’Arrest’s Periodic Comet.—In the Ephemeriden Zirkular der Astron- 
omischen Nachrichten 1917 No. 519, Mr. J. Braae gives elements of d’Arrest’s 
periodic comet for 1917 and a search ephemeris extending from February 21 to 
May 8. The elements are as follows: 

Epocu 1917 March 5.9628 Gr. M. T. 

M = 355 47 47.0 > = 39 36 09.6 

w = 320 12 52.3 a = 543’’.262 

2 146 37 56.3) 1917.0 T = 1917 April 2.8185 Gr.M.T. 
é = 15 4 18.6) 

The portion of the ephemeris which is useful now is given herewith: 

Greenwich True a log r log A 
Midnight dimes ‘ 

Apr. 26 0 20 34 A 0.1136 0.3102 

28 27 13 


30 33 57 ; 0.1175 0.3113 
May 2 40 35 


4 47 09 ’ 0.1218 0.3125 
6 053 40 
8 


1 00 09 t 0.1266 0.3138 
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The comet is unfavorably situated for observation now, being only 2" west 
from the sun and at a lower declination. Southern observers may possibly be able 
to detect the comet this month. Northern observers will have little chance until 
July or August when it will be farther out from the sun and theoretically about as 
bright as it was when last seen in 1911. 





Near Approach of Wolf’s Comet (5 1916) to the Asteroid Vesta 
on November 4, 14917.—I am sending you on enclosed sheet something that 
may interest you and the readers of PopuLAR Astronomy. I find that Wolf’s Comet 
will approach quite near to Vesta on November 4, 1917. The enclosed will give the 
heliocentric positions of both bodies for that day. Least distance between the two 
equals 13,557,000 miles. 


Wo r’s COMET ASTEROID VESTA 
Dv 68 21 26 M = 112 46 13.90 
u 188 58 26 £ = 197 if 51 
v = 121 44 24 
11 23 2 L= & i & 
— J 52 25 B=—=—/ 8 1 
Log 0.39154 Log r = 0.39056 
A = 0.1456 = least distance. 
Comet nearest Sun June 16.50 1917 
Comet nearest Earth Aug. 21 1917 
Comet opposition Sept.17 1917 
Vesta opposition Sept. 30 = 1917 
Nearest approach of 
Comet to Vesta Nov. 4 1917 
Least distance 0.1456 of an astronomical unit, 


Boston, Mass., March 16, 1917. F. E. SEAGRAVE. 





Numbering of New Minor Planets.—In the Astronomische Nach- 
richten, No. 4870, Dr. F. Cohn gives the numbers and elements of the new asteroids 
which have received sufficient observation to determine their orbits with the 
accuracy which justifies the assignment of permanent numbers to them. The total 
is now increased from 807 to 826. 

For 6 more elliptic elements, and for 6 others circular elements, have been 
computed, but permanent numbers have not been assigned. 

The nineteen new numbers, with their discoverers and other data are as 
follows: 


No. Provisional Discoverer Place Date of Identified with 
Designation Discovery unnumbered planet 

808 1901 GY Carnera-Kopff K6nigstuhl 1901 Oct. 11 

809 1915 XP Wolf " 1915 Aug. 11 

810 1915 XQ . 1915 Sept. 8 

811 1915 XR “ “ 

812 1915 XV “5 " 1915 Sept. 11 1902 KC 

813 1915 YR = “ 1915 Nov. 28 

814 1916 YT Neujmin Simeis 1916 Jan. 1907 ZR 

$15 1916 YU Wolf Konigstuhl 1916 Feb. 

816 1916 YV gs ” 1916 Feb. 

817 1916 YW i 5 1916 Feb. , 1908 CP 

818 1916 YZ : - 1916 Feb. 

819 1916 ZA ” ” 1916 Mar. 

820 1916 ZB " 3 1916 Mar. 

821 1916 ZC * e 1916 Mar. 

822 1916 ZQ 3 ” - 

823 1916 ZG - ‘ss " 1913 a 

824 1916 ZH ss 3 1916 Apr. 1913 TB 

825 1916 ZL . xy 1916 Apr. 

826 1916 ZO ¥ as 1916 Apr. 
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New Comet + 1917 (Schaumasse).—A telegram received April 27 
announces the discovery of a new comet by Schaumasse: 
April 25.6430 Gr. M. T. R. A. 23" 05™ 44%, Decl. +10° 19’. 
Visible in a small telescope; slow motion northeast. 





COMMUNICATIONS. 


Cirele Around the Moon.—On the night of March 4, I had the opportunity 
to observe the most unusual circle around the moon that I have ever seen. We 
were spending the day and night at Pablo Beach, just to have a view of Canopus 
from there, as there is no place more wonderful than the seashore for a view of the 
heavens. The day had been beautiful, warm and clear. About half after six, 
beautiful, and all alone, in the southern sky, Canopus appeared, about ten degrees 
from the horizon. We walked out on the beach, and I stopped, silent in admiration, 
and awed at the wonders of the universe. 

I had been absorbed in gazing at the deep, deep red of that lonely star in the 
southern sky—the greatest body in the universe—for several minutes, when my 
husband said, ‘What interests me most, is that circle around the moon.” And it 
was indeed remarkable. I have seen many circles around the moon, but none just 
like this—none so large or so perfectly defined. 

The eastern sky, for perhaps twenty five by thirty degrees, was covered by light 
fleecy clouds. The moon was more than half way to the zenith and very, very 
brilliant. Around the moon there was a circle formed, with a diameter of, I should 
think, twelve or fifteen degrees, with the moon directly in the center of the circle. 
The clouds formed the outer rim of the circle as perfectly as if they had been 
pushed back in place, purposely and systematically. Within the circle, there was 
no radiance such as frequently is seen with a lunar halo, but only the clear, deep 
blue of the evening sky, while Saturn, Castor and Pollux shone in the upper left of 
the circle, and Procyon and his fellow star were just within the ring at the lower 
right. Within an hour a very severe electrical storm came up. Would this be called 
a lunar halo? I should be glad to hear the cause of what seems to me a 


phenomenon. 
Mrs. F. L. Wuite. 


1743 Main St., Jacksonville, Florida. 





A Brilliant Meteor appeared April 9, 1917, at about 8:20 p.m as I was 
walking westward on the observatory hill. It started in the region half way between 
x Orionis and Sirius and somewhat lower, near the point 6" 10", —20°, by estimate. 
and took a course almost due south, that is, keeping the same R. A., until it van- 
ished about five degrees or less above the horizon. 

The meteor moved with medium velocity, being visible for three or four seconds 
and brightened until it approached the greatest brilliancy of Venus. Then it 
decreased rapidly and ended in a red glow and darkness. 

ALBERT S. FLINT. 
Madison, Wisc. 
April 10, 1917. 
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A Bright Meteor.—On Sunday evening, March 25, at 6:55 I observed a very 
brilliant meteor. What attracted my attention was the bright color of the head, 
which was crimson. The tail was a greenish blue and showed in contrast to the 
blue of the twilight sky, as it was still fairly light. Its course was southerly from 
near 8 Andromedae, disappearing near o Piscium. I observed it about three or four 
seconds. I understand that Mr. R. Burnside Potter also observed this meteor from 
his estate near Smithtown, L. I., which is about 50 miles from here. 

A curious coincidence with regard to the report of this meteor is worthy 
of notice. When calling on a neighbor of mine today, Mr. O. F. Munson, who is one 
of the newer members of the Variable Star Observers Association, he showed me a 
report of a meteor which he saw on March 25, 1916 at 6:44 p.m. and which dupli- 
cates in a most remarkable manner the latest one in the colors, size, time, and 
direction. This one ran from about +-50° southerly in R. A. 7", disappearing near 
Sirius. 

WILLIAM HENRY. 
547 East 4th Street. Brooklyn, N. Y. 


April 7, 1917. 





A Remarkable Meteor.—March 25, 1917, 6:55 p. m., E. S. T., while gazing 
at the earth shine in the twilight, with Jupiter near by below, I became aware of a 
brilliant meteor moving towards the left. The head was deep orange red against 
the smoky orange of the sunset sky. It had a perfectly appreciable fuzzy disk, with 
a well defined central nucleus, and was three or four times as bright as Jupiter. The 
outline of the tail was sharp. It was straight and tapered to a point. Length about 
four degrees; width equal to the diameter of the nucleus and greater than the 
widest part of the crescent moon. It was a brilliant steel blue, brighter than the 


head. The contrast of the colors was remarkable, the head appearing at one time 
almost like a R. R. danger signal. 

The impression on the eye was that the object was nearer than the smoke on 
the horizon. 


Approximate visible flight from 6 Andromedae to yu Piscium, but these stars 
could not be seen at the time. When below the moon and just above the tree tops 
forming the horizon, the head expired and immediately after the tail shrivelled up. 
No noise. Duration, very roughly, three seconds. 

. R. BURNSIDE PoTTer. 
Antietam Farm, 
Smithtown, N. Y. 


Long. 4" 53" W. Lat. 40° 53.N. Alt. 100 ft. 





A Neglected Sketch of Venus.—Yesterday while sorting a pile of old 
papers, I found a neglected drawing of Venus dated 1915 August 8, 2:30 Gr.M.T., part 
of the series published last November. This sketch was forgotten because of my 
impression that during the last six weeks I watched the planet there had been 
scarcely any of the kind of good seeing which is unaffected by short waves. 
Yesterday's examination of the drawing, nevertheless, shows that it represents 
extremely well the long, diffused streak which was the main feature of the disk of 
Venus during the summer of 1915, besides the less conspicuous southern one shown 
on July 19 and at other times visible in contiguity with still another marking which 
connected it to the southern terminator. The accompanying notes show that 
unusual pains were taken to ascertain the position of the streak; it is interesting, 
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therefore, to find that the marking passed through the center of the disk and had 
the same slope as on June 9. To those who doubt the objectivity of the streaks in 
this newly discovered sketch I wish to explain that when they were drawn, and 
until yesterday, I was totally ignorant of their relation, as far as identification goes, 
to anything I or any one else had seen before. Thus the last drawing of my set 
increases the certainty of the existence of the chief marking to such extent that 
now any more confirmation would not strengthen the evidence. I feel obliged to 
take the reality as a matter of course. 

The omissions of my brief communication of last November will be published 
as soon as I have the time to write the promised discussion of the observed facts 
which appear to indicate that the rotation-period of Venus is a day shorter than 
the revolution-period. 


Davip H. WILSON 
Cambridge Mass. 


1917, March 26. 





Auroral (?) Luminosity.—While observing the zodiacal light during the past 
three months it has been borne in on my mind that the night sky has been charac- 
terized by a faint illumination, neither general nor constant in relation to intensity 
and locality. For example, on Tuesday evening, this week, March 20 at 9 o'clock, 
my attention was attracted to that area of the sky bounded by Leo Major, Cancer, 
Gemini and the galaxy sloping south. That part of the sky seemed to be covered 
by a diffused auroral luminosity, faint indeed, but quite easily visible to one whose 
sight was well adjusted to the general darkness. The following questions suggest 
themselves: 

i Is such an apparition really auroral? 

ii Are any data available which indicate that such an illumination of the 
night sky is characteristic of the maximum of the sunspot cycle? 


W. E. GLANVILLE. 
St. Peter’s Rectory, Solomons, Md. 


1917, March 23. 





GENERAL NOTES. 


Dr. A. Belopolsky, for many years astrophysicist at the National Observa- 
tory of Russia at Pulkowa, has been promoted to the directorship in succession to 
the late Dr. Backlund. 





Dr. John Stanley Plaskett, formerly in charge of the Department of 
Astrophysics at the Dominion Observatory at Ottawa, has been appointed Director 
of the new Astrophysical Observatory that is being erected at Victoria. The 
mounting for the 72-inch reflector is in place and the optical parts are nearing 
completion in the shops of the Brashear Company at Pittsburgh. It is hoped to 
have the telescope in operation by the summer. 





Rev. Hector Macpherson, M. A., F. R. A. S., has been elected a fellow of 
the Royal Society of Edinburgh, 
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Rev. Dr. Frederick Campbell died on February 21 at the residence of 
his son, in Beaver Falls, N. Y., at the age of 60 years. He was much interested in 
astronomy and while pastor of the Westminster Presbyterian Church in Brooklyn 
conducted a department in the Brooklyn Eagle entitled “The Star Gazer” in which 
he did much to popularize the science. He was a member of the Brooklyn Institute 
of Arts and Sciences and at one time was president of its department of astronomy. 
He frequently lectured upon astronomical topics in a manner that made them 
attractive to general as well as scientific audiences. His brief contributions to 
PopuLAR ASTRONOMY were always welcome. 





Parallax of the Planetary Nebula N.G.C. 7662.—In “Communica- 
tions from the Mount Wilson Solar Observatory to the National Academy of 
Sciences, No. 40" Dr. Adrian van Maanen gives the results of his measures of the 
parallax of the planetary nebula N.G.C. 7662. Sixteen exposures were obtained 
with the 60-inch reflector arranged so that the equivalent focal length was 80 feet. 
Eight comparison stars were used. The relative parallax of the starlike nucleus of 
the nebula comes out +0’’.021 with a probable error of +0’.004. To derive the 
absolute parallax 0’’.002 is added, giving +0’’.023 as the resulting value, which 
corresponds to 140 light-years. As the diameter of the whole nebula is about 26’, 
its linear diameter would thus be of the order of nineteen times that of the orbit 
of Neptune. 

At present six nebula are on the parallax program of the Mount Wilson Solar 
Observatory, and with the promising results now obtained the program will be 
enlarged. 





Axes of Symmetry in Globular Star Clusters.—In the “Communica- 
tions from the Mount Wilson Solar Observatory to the National Academy of 
Sciences” No. 39, Messrs. Francis G. Pease and Harlow Shapley give some results 
of a study of the distribution of stars in globular clusters. By counting all the stars 
visible on photographs, taken with the 60-inch reflector, of different clusters with 
various exposures, dividing the area around the center of each cluster into twelve 
equal sectors, they have found axes of symmetry in the distribution of the stars in 
Messier 13 (the Hercules cluster), Messier 2, N. G. C. 5024 and Messier 15, These 
clusters appear therefore to have an elliptical structure. Messier 10 shows little or 
no evidence of such structure. It may, however, have a plane of symmetry nearly 
perpendicular to the line of sight. 

“The inclination to the equator of the projected major axis of Messier 13 is 
152° (angle counted from Following through North). For Messier 2 and N. G.C. 
5024 the inclination is 133° and 105°, respectively, while for Messier 15, which is 
across the Milky Way, itis 60° and is nearly parallel to the galactic plane.” 





The Variable Nebula N.G. C. 2261.—In an Observation Circular 
recently sent out from this Observatory mention was made of the marked changes 
that had taken place in an interval of about nine months in the nebulous detail of 
the comet-shaped nebula N.G.C. 2261. The negatives compared were taken in 
March 1916 and January 1917. An examination of negatives made on January 27 
and February 12 of the present year show definitely that changes in the nebulous 
detail, both in brightness and form, had occurred in this short interval, and varia- 
tions are suspected in photographs separated by only a week. No marked fluctua- 
tions in the brightness of the nucleus are evident. 


Gas C, O. LAMPLAND. 
Lowell Observatory,;. 
Flagstaff, Arizona. 
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Orbit of Jupiter’s Eighth and Ninth Satellites.—The accompanying 
diagram of the orbits of the eighth and ninth satellites of Jupiter is given by Mr. 
Seth B. Nicholson, the discoverer of the ninth satellite, in the Proceedings of the 
National Academy of Sciences Vol. 3, March 1917. The dotted circles also indi- 
cate the orbits of the sixth and seventh satellites. 
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SCALE IN ASTRONOMICAL UNITS 


ORBITS OF JUPITER’S EIGHTH AND NINTH SATELLITES. 


It will be noticed that the motions of the eighth and ninth satellites are 
retrograde and that their paths are not closed. The perturbations by the sun are 
very marked in the case of these two satellites on account of their great distance 
from their primary. The orbits are, therefore, not even approximate ellipses, 

The mean period of the ninth satellite is not far from 745 days. Its magnitude 
was found by Mr. Shapley to be 18.3 on October 18 and 19, 1916, which corresponds 
to 18.6 at mean opposition. Its diameter is perhaps in the vicinity of 15 miles. As 
seen from Jupiter at full phase it would be invisible without the aid of a telescope, 
being somewhere between the eleventh and twelfth magnitudes. 





The Temperatures on the Sun.—tThere is probably a general misunder- 
Standing of what is meant by temperature. From the General Law P= pRT, we 
have, T= P/pR, that is the pressure divided by the product of the density and the 
Thermal efficiency of the gas. Temperature is not an entity having physical dimen- 
sions, but a mere ratio. If p is the amount of gas in a given volume, and R is the 











340 General Notes 





kinetic energy of the translational motion of the molecules for one degree of tem- 
perature, then the hydrostatic pressure in the volume as determined in the gravita- 
tion is P at the temperature T. Since each gas has its own characteristic thermal 
efficiency R, easily transformed into the specific heats, it follows that the same tem- 
perature T will occur in different gases according to the relative distributions of the 
pressure and the density. In the case of the sun the gases are so arranged in ele- 
vation that the same temperature occurs at very different levels, in passing from 
one kind of gas to another. Thus we have a series of hyperbolic curves to develop 
in a family whose parameter is m, the atomic weight. To illustrate, taking the level 
of the photosphere as the initial plane, the bottom of the isothermal layer for the 
several gases is Z/}, = 12000/m; taking these levels for a plane of reference, the 
temperature sought can be found as follows, above the level of the photosphere. 


° 


The temperature 0 occurs at the height 58000/m — 12000/m 
~ “ " sila - 49900/m ” 
2000 42600/m 
3000 37300/m 
4000 . 31700/m 
5000 ‘ . 27200/m 
6000 ‘ : 24000/m 
7000 19400/m 


That is to say, for hydrogen, whose m = 2, the height of the temperature above 
the photosphere is, for 0° at 29000 — 6000, for 1000° at 24950 — 6000, for 2000° at 
21300 — 6000, etc. kilometers. For helium m= 4, and the temperature heights are, 
for 0° at 14500 — 3000, for 1000° at 12475 — 3000, for 2000° at 10650 — 3000. Simi- 
larly for the other elements. It is thus easily seen that when one speaks losely of 
the temperature of the sun as so many degrees, there is no real meaning in it, be- 
cause the phenomenon of the solar temperature is an excessively complicated mat- 
ter. The same statement holds true in the entire range of the other solar physical 
quantities. F. H. BicELow, 





The Speed of a Comet. —Newspaper writers often get scientific statements 
wonderfully mixed. A reader of PopuLAR AsTRONOMY Calls attention to the following 
in the Chicago Examiner, March 25: 

“Observations of Wolf's Comet, rushing towards the earth at more than a 
million-mile-a-minute speed are being made at astronomical observatories in 
Greater Boston, and, in fact, all over the world.” 

As a matter of fact the comet's velocity when it was discovered, at a distance 
of approximately 500,000,000 miles from the sun, 400,000,000 miles from the earth, 
was only 11 miles per second. This speed has been gradually increasing and, when 
the comet reaches perihelion on June 16, 1917, will have reached its maximum, a 
little over 22 miles per second. As there are 86400 seconds in a day this speed will 
amount to 1,900,000 miles a day. The reporcer should have written ‘“million-mile- 
a-day speed,” at the time the note was written, 





New Double Star.—The following double star, kindly confirmed as new by 
Professor Doolittle, was found 1917 January 1 with the 61-inch refractor of the 
Students’ Observatory of the University of Chicago, with which instrument the 
accompanying measures were obtained :— 

No. 2, BD. +0° 1068 (9™.5), 1880.0 a 5" 20™ 45*.3, 5 + 0° 32’.0. 
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Estimated mags. : 9.8 -- 10.2. 


1917.004 87.3 2.66 
1917.080 86.4 2.28 
1917.143 89.9 2.48 
1917.209 90.3 2.70 


1917.11 88.5 2.53 

This star, though a comparatively easy object to perceive as double with the 
61-inch telescope under ordinarily good conditions of seeing, nevertheless proved 
to be most trying to measure with the illumined wires of the micrometer; hence 
the regrettably large deviations among the several single-night measures. 

The stars BD. + 0° 1067 (9™.5) and 1069 (9™.4), in the same telescopic field 
with the foregoing double, are both relatively wide “pairs.” The former (BD.+ 0° 
1067) is the closer of the two and its components are more nearly of equal bright- 
ness. The comes to BD. + 0° 1069 is rather faint. 

FREDERICK C, LEONARD. 


1338 Madison Park, Chicago, Ill. 
1917 March 26. 





Annual Report of the Director of the Mount Wilson Solar 
Observatory.—This report consists of forty-five pages of the Year Book No. 15 
of the Carnegie Institution of Washington, It is especially gratifying, now that the 
astronomical work of all the European Observatories is so seriously interrupted, to 
note the progress which is being made in so many different lines of research at this 
large and well equipped American Observatory. In the summary the Director, 
Professor George E. Hale, lists fifty-one different lines of investigation which were 


included in the program of the Observatory for the year. A brief statement will 
be given of a few of these, and the reader is directed to the report itself which will 
be found to be of interest throughout by any one interested in the modern progress 
of astronomy. 

1. The monochromatic photography of Jupiter and Saturn was accomplished 
by Professor Wood of Johns Hopkins University through the use of ray-filters which 
transmit the light from limited regions of the spectrum only. The images of these 
planets vary greatly with the different filters. For example the violet filter shows 
a very broad dark belt around the planet Saturn and “in addition a dark polar cap 
of considerable size makes its appearance.” 

2. Mr. Ritchey made a number of exposures on spiral nebulae ranging from 
one to ten hours. These were made with the 60-inch reflector. Mr. Pease also 
secured negatives of a number of nebulae with the same instrument. Mr. Pease 
also found the photographic magnitude of Nova Lacertae to be 13.5. 

3. Preliminary experiments show that the color of a star is indicated by the 
ratio of the exposure times necessary for the blue light and for the yellow light of 
the star to produce images of the same size. This can be accomplished by the 
use of suitable color-filters and entails less work than the method of deriving the 
color-index from the visual and the photographic magnitudes of the star. 

4. Photographs of spiral nebulae with color-filter show that these objects are 
not of uniform color throughout but that the central condensation or nucleus in 
several of them differs in color from condensations in the spirals. This has been 
observed previously in the Ring Nebula in Lyra, photographs of which show a star 
in the center of the ring which is not seen visually. 

5. An exposure of eighty hours was made with the 60-inch reflector and spec- 
troscope upon the nebula N. G. C. 4594. The result shows, among other things, its 
spectrum to be of the type G5 and its radial velocity to be -+- 1,180 km per second. 
The latter is in good agreement with Slipher’s value of + 1,100 km. 
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6. The remarks concerning the progress in the mounting of the 100-inch tele- 
scope, being of such great interest because of the magnitude of the,undertaking, are 
quoted entirely. 

“In view of the conditions prevailing at the Fore River works, it seemed undesir- 
able to provide for a complete assembly of the 100-inch telescope mounting in the 
factory yards. The more important portions, however, such as the mercury tanks 
and floats, the sections of the polar axis, and the main bearings, were fitted together 
and tested individually, after which all parts of the mounting were shipped to 
Pasadena. The four sections of the tube, being too large for railroad clearances, were 
sent by steamship to Los Angeles Harbor. Through the cooperation of the International 
Motors Company, a 61-ton Saurer truck was placed at our disposal and the difficult 
work of transportation up the mountain road was commenced last autumn. Several 
of the larger pieces weigh over nine tons, but the transportation was carried out 
without difficulty and the entire mounting, with the exception of the tube sections 
and the mirror cell, was housed within the 100-inch telescope dome before the 
opening of the rainy season. 

“In the Pasadena shop the work on the smaller parts of the mounting has pro- 
ceeded rapidly under the direction of Mr. Ayers, and is now so far advanced that 
no delay from this cause is to be expected in the complete erection of the instru- 
ment. The shop work has included the right-ascension and declination slow and 
fast motions, the coudé mechanism, portions of the insulating cover about the 
mirror cell, the declination counterweight system, and many other auxiliary 
attachments. 

“The 100-inch telescope dome is now fully completed and painted and the 
mounting is being erected by Mr. Jones and Mr. Sherburne. The auxiliary features 
of the dome, including observing-platform, jib crane, 10-ton traveling crane, and 
wind screen have been installed, and the two cranes are being utilized in the erec- 
tion work. The mirror elevator is partially completed. The electric wiring of the 
dome and instrument mounting is nearly finished. As 35 electric motors are in- 
volved in the motions of the various parts of the telescope and dome, this has been 
a task of very considerable difficulty. All of this work of wiring, as well as the 
construction of six switch-boards, has been carried on by Mr. Dowd, engineer in 
charge of the power plant.” 

The organization of the Observatory consists of several divisions with persons 
in each as follows: Research, seventeen; Computing, eighteen; Office and Design, 
eight; Instrument Construction, twenty-one; Operation and Erection, ten. 





The Great Comet of 1680: a Study in the History of Rational- 
ism.—By James Howard Robinson, A. M., B. D. (Northfield, Minn., 1916, pp. 126.) 
Much as we have known of the fear of comets, it was by scattered episodes. An 
excellent idea it was to set a Columbia doctorandus at gleaning what was thought 
about some single comet; and no comet could have been so happily chosen as that 
which more than any other marks the turning-point between superstition and 
science. The author prefaces his task, indeed, with a survey of the superstition 
prior to 1600 and with a more careful study of the progress of thought as to comets 
in the first three-quarters of the seventeenth century; but it is to the comet of 1680 
that all this leads. In turn he tells us what was thought of it in Germany, in 
England and her American colonies, in France and Holland. A whole chapter is 
givon to the rationalizing influence of Bayle. A brief final one traces “the victory 
of science and reason” thenceforward. An appended bibliography lists the enormous 
body of contemporary publications on the comet of 1680. 

(From the American Historical Review April, 1917.) 





